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INTRO 


INTRODUCTION 


Agriculture  and  Gardening,  though  of  fuch  great  utility  in? 
producing  the  nutriment  of  mankind,  continue  to  be  only  Arts* 
confiding  of  numerous  detached  fads  and  vague  opinions*  without  a 
true  theory  to  conned  them*  or  to  appreciate  their  analogy ; at  a 
time  when  many  parts  of  knowledge  of  much  inferior  confequence 
have  been  nicely  arranged,  and  digeded  into  Sciences* 

Our  imperfed  acquaintance  with  the  phyfiology  and  economy  of 
vegetation  is  the  principal  caufeof  the  great  immaturity  of  our  know- 
ledge of  Agriculture*  and  Gardening.  I (hall  therefore  fird  attempt 
a theory  of  vegetation,  deduced  principally  from  the  experiments  of 
Hales,  Grew,  Malpighi,  Bonnet,  Du  Hamel,  BufFon,  Spallanzani*. 
Priedley,  and  the  Philofophers  of  the  Linnaean  School,  with  a few" 
obfervations  and  opinions  of  my  own  ; fome  of  which  have  in  part 
already  appeared  in  Zoonomia,  and  in  the  notes  to  the  Botanic  Gar- 
den, but  are  here  correded  and  enlarged..  To  the  former  of  which 
works  1 hope  this  may  be  edeemed  a fupplemeat,  as  it  is  properly  a. 
continuation  of  the  fubjed*. 


INTRODUCTION. 


viii 

My  inducement  to  commence  this  work,  after  it  was  fuggefted  to 
me  by  the  letters  of  Sir  John  Sinclair,  was  a belief,  that  the  expe- 
riments and  obfervations  already  made  on  the  growth  of  plants,  with 

i 1 * ■ 

the  modern  improvements  in  chemiftry,  were  fufficiently  numerous 
and  accurate  for  the  eftablilhment  of  a true  theory  of  vegetation  ; 
lo  much  wanted  to  connect  the  various  fadts  in  the  memory,  to  ap- 
preciate their  value,  and  to  compare  them  with  each  other  ; and 
finally  to  diredt  the  profecution  of  future  experiments  to  ufeful 
purpofes. 
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PART  THE  FIRST. 

PHYSIOLOGY  OF  VEGETATION. 

• , 7 ' / 

SECT.  I. 

THE  INDIVIDUALITY  OP  THE  BUDS  OF  VEGETABLES. 

i . Vegetables  are  inferior  animals.  A bud  torn  from  a tree  will  grow ; vines  and 
hawthorns  fo  ■planted.  Many  kinds  of  fruit  ingrafted  on  one  tree.  2.  'The  bark 
and  branches  of  hollow  trees  remain  alive.  Caudex  of  herbaceous  plants.  Caudex 
of  buds.  J.  Which  defc ending,  form  a new  bark  over  the  old  one.  Thefe  bark 
veffels  occafionally  inofculate.  Upper  lip  of  wounds  of  the  bark  grows  downwards . 
4.  Flower-buds  are  individual  beings ; do  not  fo  certainly  grow  by  inoculation  as 
leaf -buds ; are  biennial  plants  like  leaf -buds,  but  die  in  autumn  without  enlarging 
the  fize  of  the  tree  by  their  progeny.  5.  In  what  vegetables  differ  from  animals  j 
they  have  not  muffles  of  locomotion ; nor  organs  of  digeflicn.  6.  In  what  they  re- 
ferable animals.  They  have  abffrbent,  umbilical , placental,  and  pulmonary  veffels , 
arteries,  glands,  organs  of  reproduction,  with  muffles,  nerves,  and  brain.  7.  Fro- 
grefs  of  a young  bud,  and  of  a feed.  The  plumula,  radicle,  and  caudex  of  a bud. 
8.  Buds  and  feeds  are  biennial  beings.  How  they  differ.  The  difunion  of  the  pith 
diftinguijhes  buds  from  each  other , and  thus  evinces  their  individuality. 

1.  We  have  fo  accuftomed  ourfelves  to  confider  life  and  irritability 
to  be  affociated  with  palpable  warmth  and  vifible  motion,  that  we  find 
a renitency  in  ourfelves  to  afcribe  them  to  the  comparatively  cold  and 
motionlefs  fibres  of  plants.  But  to  reafon  rightly  on  many  vegetable 
phenomena  we  (hall  find  it  neceflary  firft  to  fhew,  that  vegetables 
are  in  reality  an  inferior  order  of  animals. 

If  a bud  be  torn  from  the  branch  of  a tree,  or  cut  out  and  planted 
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2 INDIVIDUALITY 

in  the  eaj'th  with  a glafs  cup  inverted  over  it,  to  prevent  the  exhala- 
tion from  being  at  firft  greater  than  its  power  of  ablorption  ; or  if  it 
be  inferted  into  the  bark  of  another  tree,  it  will  grow,  and  become  a 
plant  in  every  refpedt  like  its  parent.  This  evinces  that  every  bud 
of  a tree  is  an  individual  vegetable  being  ; and  that  a tree  therefore 
is  a family  or  fwarm  of  individual  plants,  like  the  polypus,  with  its 
young  growing  out  of  its  fides,  or  like  the  branching  cells,  of  the 
coral-infect. 

The  prelent  mofl  approved  method  of  propagating  vines  in  hot- 
houies  confifts  in  cutting  off  a fingle  eye  of  a vine-ftalk  with  about 
an  inch  of  the  hem  above  the  eye,  and  two  or  three  inches  below 
it ; and  fetting  this  aflant  in  the  bark -bed  with  the  eye  about  an  inch 
or  lefs  beneath  the  furface,  pointing  upwards ; and  I have  feen  a quick- 
fet  or  hawthorn  hedge,  cretaegus,  propagated  in  the  fame  manner  by 
planting  twigs  in  the  ground  with  one  bud  only  above  the  foil. 

Mr.  Barns,  in  a treatife  on  Propagating  Fruit-trees  (1759.  Bald- 
win, London)  afferts,  that  he  cut  a branch  into  as  many  pieces,  as 
there  were  buds  or  leaves  upon  it ; and  wiping  the  two  wounded 
ends  dry,  he  quickly  applied  to  each  a cement  previoufly  warmed, 
which  confifted  chiefly  of  pitch,  and  planted  them  in  the  earth  with 
unfailing  fuccefs.  The  ufe  of  this  cement  I fufpedt  to  confifl:  in  its 
preventing  the  bud  from  bleeding  to  death,  though  the  author  afcribes 
it  to  its  antifeptic  quality.  And  laftly,  in  the  inoculation  and  ingraft- 
ing of  fruit-trees,  five  or  fix  different  kinds  of  pears  are  frequently 
feen  on  the  branches  of  one  tree,  which  could  not  then  properly  be 
termed  an  individual  being. 

2.  When  old  oaks,  or  willows,  lofe  by  decay  almofl:  all  their  folid 
internal  wood,  it  frequently  happens,  that  a part  of  the  fhell  of  the 
Item  continues  to  flourifh  with  a few  healthy  branches.  Whence  it 
appears,  that  no  part  of  the  tree  is  alive  but  the  buds,  and  the  bark, 
and  the  root-fibres ; that  the  bark  is  only  an  intertexture  of  the  cau- 
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dexes  of  the  numerous  buds,  as  they  pafs  down  to  fhoot  their  radicles 
into  the  earth  ; and  that  the  folid  timber  of  a tree  ceafes  to  be  alive  ; 
and  is  then  only  of  fervice  to  fupport  the  numerous  family  of  buds  in 
the  air  above  the  herbaceous  vegetables  in  their  vicinity. 

A bud  of  a tree  therefore,  like  a vegetable  arifing  from  a feed, 
confifts  of  three  parts  ; the  plumula  or  leaf,  the  radicle  or  root-fibres, 
and  the  part  which  joins  thefe  two  together;  which  is  called  the 
caudex  by  Linneus  when  applied  to  intire  plants  ; and'may,  therefore, 
be  termed  caudex  gemmae  when  applied  to  buds. 

In  herbaceous  plants  the  caudex  is  generally  a broad  flat  circular 
plate,  from  which  the  leaf-ftem  afcends  into  the  air,  and  the  radicles 
or  root-fibres  defcend  into  the  earth.  Thus  the  caucfek  of  a plant  of 
wheat  lies  between  the  ffem  and  the  radicles,  at  the  bafis  of  the 
lowermofl:  leaf,  and  occafionally  produces  new  ftems  and  new  radicles 
from  its  fides.  Thus  the  caudex  of  the  tulip  lies  beneath  the  prin- 
cipal bulb,  and  generates  new  fmaller  bulbs  in  the  bofom  of  each 
bulb-leaf,  befides  one  principal  or  central  bulb  ; the  caudex  of  orchis, 
and  of  fome  ranunculufes,  lies  above  their  bulbous  roots  ; whereas  the 
caudexes  of  the  buds  of  trees  conftitute  the  longitudinal  filaments  of 
the  bark,  reaching  from  the  plumula  or  apex  of  the  bud  on  the: 
branch  to  the  bafe  of  it,  or  its  root- fibres  beneath  the  foil. 

Nor  is  this  elongation  of  the  caudexes  of  the  buds  of  trees  unana- 
logous  to  what  happens  to  fome  herbaceous  plants,  as  in  wheat ; when 
the  grain  is  buried  two  or  three  inches  beneath  the  foil,  an  elonga- 
tion  of  the  caudex  occurs  almoft  up  to  the  furface,  where  another  fet 
of  fibrous  roots  are  protruded,  and  the  upright  ftem  commenceSi 
The  fame  happens  to  tulip-roots  when  planted  too  deep  in  the  earth, 
as  I have  witnefied,  and  I fuppofe  to  thofe  of  many  other  vege- 
tables. 

This  caudex  of  the  buds  of  trees  not  only  defcends  as  above  de- 
fcribed,  but  alfo  afcends  from  each  bud  to  that  above  it ; as  on  the 
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long  fhoots  of  vines,  willows,  and  briars;  in  this  refpe<5t  refembling 
the  wires  of  ftrawberries  and  other  creeping  plants.  Thus  the  caudex 
of  perennial  herbaceous  plants  confifts  of  a broad  plate,  buried  be- 
neath the  foil  to  protect  it  from  the  froft ; while  the  caudex  of 
buds  of  trees  confifts  of  a long  vafcular  cord  extending  from  the  bud 
on  the  branch  to  the  radicle  beneath  the  earth,  and  endures  the  winter 
frofts  without  injury. 

3.  Thefe  buds  are  properly  biennial  plants,  as  they  are  generated 
in  one  fummer,  and  in  the  next  either  produce  feeds  and  die,  or  pro- 
duce other  buds,  whofe  caudexes  form  a new  bark  over  the  former 
one,  that  of  the  laft  year  firft  becoming  a fofter  or  more  porous  wood, 
called  alburnum,  or  fap-wood,  and  gradually  hardening  into  folid 
timber,  which  ceafes  to  pofiefs  vegetable  life. 

Thefe  long  caudexes  of  the  individual  buds  of  trees,  which  confli- 
tute  their  bark,  are  well  feen  in  the  cloth  made  from  the  mulberry- 
bark  brought  from  Otaheite.  On  infpe&ing  this  cloth  the  long  fibres 
are  feen  in  fome  places  to  adhere,  where  it  is  probable  they  occafion- 
ally  inofculate,  like  fome  of  the  veffels  in  animal  bodies ; becaufe 
when  fome  buds  are  cut  off,  the  neighbouring  ones  flourilh  with 
greater  vigour,  being  fupplied  with  more  of  the  nutritious  juices. 

This  informs  us  why  the  upper  lip  of  an  horizontal  wound  made 
in  the  bark  of  a tree  grows  downwards  with  fo  much  greater 
expedition  than  the  under  one  grows  upwards  to  meet  it ; as  the  de- 
fending caudexes  of  the  individual  buds  are  fupplied  dire&ly  with 
nutriment  from  the  vegetable  arteries  after  the  oxygenation  of 
the  blood  in  their  leaves  ; whereas  the  under  lip  of  the  wound  is  nou- 
rifhed  only  by  the  lateral  or  inofculating  vefifels,  which  fupplies  us 
with  another  argument  againft  the  individuality  of  trees,  and  in  fa- 
vour of  that  of  buds. 

4.  The  buds  producing  flowers  are  each  an  individual  being  as  well 
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as  the  leaf-buds  above  defcribed,  though  they  are  probably  not  fo  eafily 
capable  of  tranfplantation  into  the  bark  of  other  trees  by  inocula- 
tion ; as,  I believe,  it  is  from  the  miftake  of  the  gardeners  in  choofing 
flower-buds  inflead  of  leaf-buds  to  inoculate  with,  that  fo  many  buds 
die  in  this  mode  of  propagation.  Nor  does  the  exiftence  of  many 
male  and  female  parts  in  one  flower  deftroy  its  individuality  any  more 
than  the  number  of  paps  of  a fow  or  bitch,  or  the  number  of  their 
cotyledons,  each  of  which  during  geftation  belongs  to  a feparate 
fetus. 

The  flower- buds  as  well  as  the  leaf-buds  are  properly  biennial 
plants,  as  they  are  produced  in  the  fummer  of  one  year,  and  perifh 
in  the  autumn  of  the  next ; but  as  the  new  buds  generated  by  leaf- 
buds  continue  to  adhere  to  the  parent,  they  are  furnifhed  with  their 
numerous  caudexes,  which  form  a new  bark  over  the  old  one,  whereas 
the  flower-buds  generate  feeds,  which  when  mature  fall  upon  the 
ground,  and  thus  they  die  in  the  autumn  without  increafing  the  fize 
of  the  parent- tree  by  the  adhefion  of  their  progeny  like  the  leaf-buds. 

5.  Thefe  buds  of  plants,  which  are  each  an  individual  vegetable 
being,  in  many  circumftances  refemble  individual  animals  ; but  as  ani- 
mal bodies  are  detached  from  the  earth,  and  move  from  place  to  place 
in  fearch  of  food,  and  take  that  food  at  confiderable  intervals  of  time,, 
and  prepare  it  for  their  nourifhment  within  their  own  bodies,  after  it 
is  taken ; it  is  evident,  that  they  mud  require  many  organs  and  powers, 
which  are  not  neceflary  to  a flationary  bud.  As  vegetables  are  im- 
moveably  fixed  to  the  foil,  from  whence  they  draw  their  aliment  ready 
prepared,  and  this  uniformly,  and  not  at  returning  intervals ; it  fol- 
lows, that  in  examining  their  anatomy  we  are  not  to  look  for  mufcles 
of  locomotion,  as  lbgs  and  arms  ; nor  for  organs  to  receive  and  pre- 
pare their  aliment  as  a mouth,  throat,  flomach,  and  bowels,  by 
which  contrivances  animals  are  enabled  to  live  many  hours  without 
new  fupplies  of  food  from  without. 

6.  The  parts,  which  we  may  expedt  to  find  in  the  anatomy  of 
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vegetables,  which  correfpond  to  thofe  in  the  animal  economy,  are  firft: 
a threefold  fyftem  of  abforbent  veflels,  one  branch  of  which  is  de- 
figned  to  imbibe  the  nutritious  moifture  of  the  earth,  as  the  la&eals 
imbibe  the  chyle  from  the  ftomach  and  inteftines  of  animals  ; another 
to  imbibe  the  water  of  the  atmofphere,  opening  its  mouths  on  the 
cuticle  of  the  leaves  and  branches,  like  the  cutaneous  lymphatic  vef- 
fels  of  animals  ; and  a third  to  imbibe  the  fecreted  fluids  from  the  in- 
ternal cavities  of  the  vegetable  fyftem,  like  the  cellular  lymphatics  of 
animals. 

Secondly,  in  the  vegetable  fetus,  as  in  feeds  or  buds,  another  fyf- 
tem  of  abforbent  veflels  is  to  be  expected,  which  may  be  termed  um- 
bilical veflels,  as  defcribed  in  Se£t.  III.  of  this  work,  which  fupply 
nutriment  to  the  new  bud  or  feed,  fimilar  to  that  of  the  albumen  of 
the  egg,  or  the  liquor  amnii  of  the  uterus  ; and  alfo  another  fyftem 
of  arterial  veflels,  which  may  be  termed  placental  ones,  correfpond- 
ing  with  thofe  of  the  animal  fetus  in  the  egg  or  in  the  womb,  which 
fupply  the  blood  of  the  embryon  with  due  oxygenation  before  its  na- 
tivity. 

Thirdly,  a pulmonary  fyftem  correfpondent  to  the  lungs  of  aerial 
animals,  or  to  the  gills  of  aquatic  ones,  by  which  the  fluid  abforbed 
by  the  la&eals  and  lymphatics  may  be  expofed  to  the  influence  of  the 
air.  This  is  done  by  the  leaves  of  plants,  or  the  petals  of  flowers; 
thofe  in  the  air  refembling  lungs,  and  thofe  in  the  water  refembling 
gills. 

Fourthly,  an  arterial  fyftem  to  convey  the  fluid  thus  elaborated  to 
the  various  glands  of  the  vegetable  for  the  purpofes  of  its  growth,  nu- 
trition, and  fecretions  ; and  a fyftem  of  veins  to  bring  back  a part  of 
the  blood  not  thus  expended. 

Fifthly,  the  various  glands  which  feparate  from  the  vegetable  blood 
the  honey,  wax,  gum,  refin,  ftarch,  fugar,  eflential  oil,  and  other  fe- 
cretions. 

Sixthly,  the  organs  adapted  to  the  lateral  or  viviparous  generation 
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of  plants  by  buds,  or  to  their  fexual  or  oviparous  propagation  by 
ieeds. 

Seventhly,  longitudinal  mufcles  to  turn  their  leaves  to  the  light, 
and  to  expand  or  clofe  their  petals  or  their  calyxes  ; and  vafcular 
mufcles  to  perform  the  abforption  and  circulation  of  their  fluids, 
with  their  attendant  nerves,  and  a brain,  or  common  fenforium,  be- 
longing to  each  individual  feed  or  bud  ; to  each  of  which  we  (hall 
appropriate  an  explanatory  fedtion. 

7.  An  embryon  bud,  therefore,  whether  it  be  a leaf-bud  or  a flower- 
bud,  is  the  viviparous  offspring  of  an  adult  leaf-bud,  and  is  as  indivi- 
dual as  a feed,  which  is  its  oviparous  offspring.  It  confifts,  flrft,  of 
a central  organization  or  caudex  like  the  corculum  of  a feed,  which 
contains  the  rudiments  of  arteries,  veins,  abfbrbent  veffels,  and  glands, 
with  an  internal  pith  or  brain. 

Secondly,  it  is  furnifhed  with  a fyftem  of  umbilical  veffels,  which 
are  inferted  into  the  alburnum  or  fa p- wood  of  the  tree,  or  form  a part 
of  it,  and  defcending  into  the  earth  fupply  it  in  the  early  fpring  with 
its  firfl  nutrition,  like  the  feminal  roots,  fo  called,  which  pafs  from 
the  corculum  of  the  feed,  and  are  fpread  on  the  cotyledons,  as  feen 
in  the  garden  bean,  reprefented  in  Plate  I.  Fig.  1.  which  is  taken 
from  Dr.  Grew’s  Anatomy  of  Plants. 

Thirdly,  this  umbilical  fyftem  probably  contains  alfo  what  may  be 
termed  a placental  artery,  terminating  on  the  coats  of  the  lateral  air- 
vefiels,  which  penetrate  the  bark  of  trees  horizontally,  for  the  pur- 
pofe  of  oxy  genating  the  blood  of  the  vegetable  fetus,  like  thofe  dis- 
tributed from  the  umbilical  veffels  of  the  chick  on  the  air-bag  at  the 
broad  end  of  the  egg.  See  Sect.  II.  4.  and  III.  1 — 4. 

Fourthly,  it  contains  the  rudiments  of  organs  adapted  to  lateral  ge- 
neration or  the  production  of  new  buds  ; or  to  fexual  propagation, 
and  the  confequent  production  of  feeds. 

In  the  early  fpring  the  umbilical  veflels  fupply  the  embryon  buds 
of  trees  with  fap-juice,  which  is  then  feen  to  exfude  from  wounds  of 
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the  alburnum,  as  in  the  vine,  vitis  ; the  birch,  betula  ; and  the  maple* 
acer ; which  I luppofe  to  become  oxygenated  in  the  circulation  of  the 
vegetable  fetus  by  the  horizontal  air-veffels  of  the  bark. 

As  the  feafon  advances,  the  leaf-bud  puts  forth  a plumula,  like  a 
feed,  which  Simulated  by  the  oxygen  of  the  atmofphere  rifes  up- 
wards into  leaves  to  acquire  its  adapted  pabulum,  which  leaves  con- 
fitute  its  lungs  ; it  alfo  protrudes  from  its  long  caudex,  which  forms 
the  new  bark  over  the  old  one,  a radicle,  which  ffimulated  by  moif- 
ture  pafles  downwards,  and  defcends  into  the  earth  to  acquire  its 
adapted  pabulum  ; and  it  thus  becomes  an  adult  vegetable  being  with 
the  power  of  producing  new  buds. 

The  flower-bud  under  fimilar  circumftances  puts  forth  its  bradfes 
or  floral-leaves,  which  ferve  the  office  of  lungs  to  the  pericarp  and 
calyx  ; and  expands  its  petals,  which  ferve  the  office  of  lungs  to  the 
anthers,  and  ifigmas,  which  are  the  fexual  organs  of  reproduction, 
and  which  die  and  fall  off,  when  the  feed  is  impregnated  ; and  thus, 
like  the  leaf-bud,  it  becomes  an  adult  vegetable  being  with  the  power 
of  producing  feeds. 

8.  As  the  flower-bud  produces  many  feeds  during  the  fummer,  fo 
the  leaf-bud  produces  many  budlets  during  the  fummer,  as  may  be 
feen  in  the  long  (hoots  of  the  vine  and  willow,  vitis  et  falix.  fyi  this 
climate  both  the  buds  and  feeds  are  properly  biennial  vegetables  ; that 
is,  they  are  produced  in  one  fummer,  and  perifli  in  the  next.  I^ut  the 
feed  differs  from  the  bud  in  this  circumlfance,  that  it  drops  on  the 
earth,  and  is  thus  feparated  from  its  dead  parent  in  the  autumn  ; 
whereas  the  bud  continues  to  adhere  to  its  dead  parent,  and  grows 
over  it  as  it  advances. 

Now  as  the  internal  pith  of  a bud  appears  to  contain  or  produce 
the  living  principle,  like  the  brain  and  medulla  oblongata,  or  fpinal 
marrow  of  animals,  we  have  from  hence  a certain  criterion  to  diftin- 
guiffi  one  bud  from  another,  or  the  parent  bud  from  the  numerous 

budlets. 
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Fig.  i.  reprefents  the  umbilical  veflels  fpread  on  the  lobes  of  a bean,  when  it  begins 
to  vegetate,  as  mentioned  in  Se£h  I.  7.  but  more  particularly  defcribed  in  Seft,  111. 
1.3;  which  are  believed  to  confift  of  a fyftem  of  abforbent  veflels,  and  another  fyftem  of 
placental  veflels,  for  the  purpofe  of  acquiring  nutriment,  and  of  oxygenating  the  vege- 
table blood.  The  plate  is  copied  from  Grew,  Tab.  I.  f 14.  a the  plumula,  b the  cor- 
culum,  c c the  lobes.  See  Se£t.  I.  7.  and  III.  1.  3. 

Fig.  2.  is  copied  from  Malpighi,  Tab.  II.  Fig.  6,  and  reprefents  the  longitudinal 
fibres  of  the  bark  of  willow,  which  adhere  together,  and  feparate  from  each  other  alter- 
nately, with  horizontal  apertures  between  them  ; which  are  believed  to  be  air-veflels, 
for  the  purpofe  of  oxygenating  the  blood  of  the  embryon  buds,  like  the  air-bag  at  the 
broad  end  of  an  egg.  b bb  are  the  longitudinal  filaments  of  the  bark,  a a a are  the  ho- 
rizontal perforations. 

Duhamel  obferved  by  a microfcope  fimilar  apertures  of  different  diameters  in  the  bark 
of  oak  ; the  fmaller  ones  he  believed  to  be  the  excretory  dudls  of  the  perfpirable  matter, 
and  larger  ones  I fuppofe  to  be  air-veflels.  The  extremities  of  fome  of  thefe  in  the  birch- 
tree  flood  above  the  level  of  the  cuticle.  Phyfique  des  Arbres,  Plate  I.  Fig.  7.  and  11. 
See  Se£t.  I.  7.  and  II.  4.  of  this  work. 
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London . Published  Jan?  jfiSco.  by  J.  Johnson  , Jf  Pauls  Church  Yard. 


7 


Sect.  I.  8.  O F B U D S. 

budlets,  which  are  its  offspring,  as  there  is  no  communication  of  the  in- 
ternal pith  between  them. 

This  obfervation  was  made  by  flitting  the  young  branches  of  horfe- 
chefnut,  aefculus  hippocaflanum  ; of  afh,  fraxinus  ; of  willow,  falix;: 
and  of  elder,  fambucus  nigra  ; and  I plainly  difcerned  that  there  ex- 
ited no  communication  of  pith  between  the  lateral  budlets  and  their 
parent  fhoots,  or  between  the  central  larger  budlet  at  the  fummit  of 
the  branch,  and  its  parent  fhoot.  This  alfo  afforded  me  one  reafon 
to  conclude  that  the  different  joints  of  wheat,  triticum,  of  fouthiflie,, 
fonchus,  and  of  teafel,  dypfacus,  are  different  buds  growing  on  each, 
other,  thofe  at  the  fummit  only  producing  feeds ; becaufe  there  is  a 
divifion  which  feparates  the  pith  contained  in  each  joint  of  their  hol- 
low Items,  as  is  further  explained  in  Se£t.  IX.  2.  4.  and  3.  1.  and 
which  perfectly  evinces  the  individuality  of  buds. 
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SECT.  II. 

THE  ABSORBENT  VESSELS  OF  VEGETABLES. 


i.  Roots,  leaves , bark.  Jap-wood,  Jhewn  to  abjorb  by  not  moi/lening  them , by  placing 
them  in  water.  1.  Abjorb  ent  vejfels  coloured  by  a deco  Elion  oj  madder,  by  dilute 
ink.  ‘They  Jorm  a ring  in  the  Jap-wood  beneath  the  bark , with  a ring  oj  arteries 

exterior  to  them.  3 . Abjorbents  erroneoufly  believed  to  be  air-veffels,  are  vijibly 
full  of  Jap-juice  in  a vine-Jlalk.  Vegetable  vejjels  have  rigid Jides,  which  do  not 
collapfe,  and  hence  become  full  of  air  when  cut ; not  Jo  in  animal  vejfels.  4.  Some 
horizontal  vejfels  in  trees  are  truly  air -vejfels  for  the  embryon  bud,  like  the  air  in 
the  broad  end  of  the  egg.  5.  Abforbent  vejfels  conffi  of  long  cylinders  ■,  air  will 
pafs  through  them  either  way  in  the  dead  vegetable ; are  not  refpiratory  organs,  as 
they  exifl  in  the  roots  of  trees.  May  receive  air  diffolved  in  water.  6.  Abforbent 
vejfels  aEl  either  dire  El  or  retrograde.  A forked  branch  in  water.  An  inverted 
tree.  A fufpended  tree.  So  in  the  operation  of  an  emetic,  and  in  ruminating  cows. 
7.  They  conffi  of  a fpiral  line  without  valves ; and  by  its  vermicular  contraElion 
forcibly  carry  on  their  contained  fluids  either  way.  8.  Thofe  of  the  root  aEl  occa- 
fionally  in  winter ; but  vines  in  hot-houfes  muft  have  their  roots  guarded  from  frofl 
in  fpring.  Accumulated  ice  deftroys  trees  in  fpring.  9.  They  fometimes  abjorb 

poifonous  fluids,  as  fpirit  of  wine,folution  of  arfenic,  vitriolic  acid ; roots  faid  to 
creep  afide  from  bad  foil  erroneous.  1 o.  Abforbent s of  trees  like  the  receptacle  of 

chyle. 


1.  The  exigence  of  that  branch  of  the  abforbent  veffels  of  vege- 
tables, which  refembles  the  ladleals  of  animal  bodies,  and  imbibes 
their  nutriment  from  the  moift  earth,  is  evinced  by  their  growth,  fo 
long  as  moifture  is  applied  to  their  roots,  and  their  quickly  withering 
when  it  is  withdrawn. 


Befides 
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Befides  thefe  abforbents  in  the  roots  of  plants  there  are  others,  which 
open  their  mouths  on  the  external  furfaces  of  the  bark  and  leaves  to 
abforb  the  moifture  of  the  atmofphere,  refembling  the  cutaneous 
lymphatics  of  animal  bodies ; the  exigence  of  tbefe  is  fhewn,  becaufe 
a leaf  plucked  off  and  laid  with  its  under  fide  on  water  will  not  wither 
fo  loon  as  if  left  in  the  dry  air.  The  fame  if  the  bark  alone  of  a 
branch,  which  is  feparated  from  a tree,  be  kept  moif  with  water. 

A third  branch  of  abforbent  velTels  opens  its  mouths  on  the  internal 
furfaces  of  the  cells  and  cavities  of  the  vegetable  fyffem  to  abforb  the 
fecreted  fluids,  after  they  have  performed  their  adapted  offices,  fimilar 
to  the  cellular  lymphatics  of  animal  bodies,  as  may  be  fhewn  by 
moiftening  the  alburnum  or  fap-wood,  and  the  internal  furface  of  the 
bark  of  a branch  detached  from  a tree,  which  will  not  then  fo  foon 
wither  as  if  left  in  the  dry  air  unmoiftened. 

Another  means  of  demonfrating  the  abforbent  powers  of  the  parts 
of  vegetables  is  by  inferting  them  into  glafs  tubes,  or  into  tall  narrow 
veffels  filled  with  water,  and  oblerving  how  much  more  rapidly  the 
furface  of  the  water  fubfides  than  in  fimilar  veffels  by  evaporation 
alone. 

2.  By  the  following  experiment  thefe  vegetable  abforbent  veffels 
were  made  agreeably  vifible  by  a common  magnifying  glafs.  I placed 
in  the  fummer  of  1781  fome  twigs  of  a fig-tree  with  leaves  on  them 
about  an  inch  deep  in  a deco&ion  of  madder  (Rubia  timfit),  and  others 
in  a decoction  of  logwood  (hsematoxylum  campechenfe),  along  with 
fome  Iprigs  cut  off  from  a plant  of  picris.  Thefe  plants  were  chofen 
becaufe  their  blood  is  white.  After  fome  hours,  and  on  the  next 
day,  on  taking  out  either  of  thefe,  and  cutting  off  from  its  bottom 
about  an  eighth  of  an  inch  of  the  flalk,  an  internal  circle  of  red  points 
appeared,  which  I believed  to  be  the  ends  of  abforbent  veffels  coloured 
red  with  the  decoction,  and  which  probably  exifted  in  the  newly 
formed  alburnum,  or  fap-wood,  while  an  external  ring  of  arteries  was 
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feen  to  bleed  out  haffily  a milky  juice,  and  at  once  evinced  both  the 
abforbent  and  arterial  fyftem. 

Many  fimilar  experiments  were  made  by  M.  Bonnet,  by  placing 
parts  of  the  ftem  or  roots  of  various  vegetables,  as  of  kidney-beans, 
peach-tree,  and  elder,  in  dilute  ink  ; in  all  thefe  the  veffels  of  the  bark 
were  uncoloured,  and  thofe  of  the  pith  ; but  thofe  beneath  the  bark, 
which  he  terms  woody,  were  coloured  black,  which  I fuppofe  to  have 
been  the  circle  of  abforbent  veffels  above  mentioned.  Ufage  de  Feu- 
illes,  Plate  XXIX. 

3.  Thefe  abforbent  veffels  have  been  called  bronchia  by  Malpighi 
and  Grew,  and  fome  other  philofophers,  and  erroneoufly  thought  to 
be  air- veffels  ; in  the  fame  manner  as  the  arteries  of  the  human  body 
were  fuppofed  to  convey  air  by  the  antients,  till  the  great  Harvey 
by  more  exadt  experiments  and  jufter  reafoning  evinced,  that  they 
were  blood- veffels.  This  opinion  has  been  fo  far  credited  becaufe 
air  is  feen  to  iffue  from  wood,  whether  it  be  green  or  dry,  if  it  be 
covered  with  water,  and  placed  in  the  exhaufted  receiver  of  an  air- 
pump  ; and  thefe  veffels  have  therefore  been  fuppofed  to  conftitute 
a vegetable  refpiratory  organ  ; but  it  will  be  fhewn  hereafter,  that  the 
leaves  of  plants  are  their  genuine  lungs,  and  that  the  abforbent  veffels 
and  arteries  become  accidentally  filled  with  air  in  the  dead  parts  of 
vegetables. 

For  as  the  veffels  of  vegetables  are  very  minute,  and  have  rigid 
coats,  their  Tides  do  not  collapfe  when  they  are  cut  or  broken,  as 
their  juices  flow  out  or  exhale;  they  muff  therefore  receive  air  into 
them.  This  may  be  readily  feen  by  infpedling  with  a common  lens 
the  end  of  a vine-ftalk  two  or  three  years  old,  when  cut  off  hori- 
zontally. At  firft  the  veffels,  which  are  feen  between  the  partitions 
radiated  from  the  center,  appear  full  of  juice  ; but  in  a minute  or 
lefs  this  j nice  either  paffes  on,  or  exhales;  and  the  veffels  appear  empty, 
that  is  filled  with  air.  This  experiment  I have  twenty  times  repeated 
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with  uniform  fuccefs,  and  it  is  fo  eaftly  made  by  haflily  applying  a 
common  lens  after  the  divifion  of  a vine-ftalk,  that  I think  there  can 
be  no  error  in  it;  and  it  is  wonderful  that  thefe  veffels,  which  ^re 
found  in  the  alburnum,  and  confift  of  a fpiral  line,  whether  they  may 
properly  be  called  abforbent  or  umbilical  veffels,  or  confift  of  both, 
(hould  ever  have  been  fuppofed  to  be  air-veffels. 

There  is  neverthelefs  an  experiment  by  Dr.  Hales,  which  would 
at  firft  view  countenance  the  aflertion,  that  vegetables  abforb  air.  He 
cemented  the  lower  end  of  a fmall  twig  of  a tree  with  leaves  on  it 
into  a glafs  tube  about  four  inches  long,  and  fet  the  other  end  of  the 
tube  an  inch  deep  in  water,  and  obferved  in  a little  time,  that  the  water 
rofe  an  inch  in  the  tube;  but  this  muft  happen  from  the  vegetable 
veffels  emptying  themfelves  by  the  afcent  of  their  juices,  and  having 
rigid  coats,  and  therefore  not  contracting,  a portion  of  the  air  was 
forced  into  them  by  the  preffure  of  the  atmofphere,  as  in  the  above 
obfervation  on  the  vine- branch  cut  horizontally. 

This  reception  of  air  does  not  happen  to  the  veffels  of  animal  bo- 
dies, when  they  are  emptied  of  their  blood,  owing  to  the  lefs  rigidity 
of  their  coats ; whence  the  weight  of  the  atmofpheric  air  prefl'es 
their  fides  together,  and  clofes  the  veffel,  inftead  of  paffing  into  it. 
In  the  fame  manner  no  air  would  pafs  into  the  veffels  of  the  lungs  of 
animals  in  refpiration,  unlefs  the  preffure  of  the  atmofphere  on  their 
fides  was  prevented  by  the  action  of  the  mufcles,  which  enlarge  the 
cavity  of  the  thorax  by  elevating  the  ribs, 

4.  There  are  neverthelefs  certain  horizontal  veffels  of  large  di- 
ameter, which  pafs  through  the  bark  of  trees  to  the  alburnum,  which 
probably  contain  air,  as  they  are  apparently  empty,  I believe,  in  the 
living  vegetable  ; for  the  bark  of  trees  con  fifts  of  longitudinal  fibres, 
which  are  joined  together,  and  appear  to  inofculate  at  certain  diftances, 
and  recede  from  each  other  between  thofe  diftances  like  the  mefties 
of  a net,  in  which  fpaces  feveral  horizontal  apertures  are  feen  to  pe- 
netrate through  the  bark  to  the  alburnum,  according  to  Malpighi, 
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who  has  given  a figure  of  them,  which  is  copied  in  Plate  I.  Fig.  2.  of 
this  work.  Very  fine  horizontal  perforations  through  the  bark  of 
trees  are  alfo  mentioned  by  Duhamel,  which  he  believes  to  be  per- 
fipiratory  or  excretory  organs,  but  adds,  that  there  are  others  of  much 
larger  diameter,  fome  round  and  fome  oval,  and  which  in  the  birch- 
tree  {land  prominent,  and  pierce  the  cuticle  or  exterior  bark.  Phy- 
fique  des  arbres,  T.  i.Tab.  III.  Fig.  8.  and  11. 

Thefe  vefiels  probably  contain  air  during  the  living  flate  of  the  tree, 
as  they  pierce  the  external  bark,  which  frequently  confifis  of  many 
doubles,  like  a roll  of  linen  cloth  ; as  a new  cuticle  is  annually  pro- 
duced beneath  the  old  one,  like  a new  fcarf-fkin  beneath  a blifter  in 
animal  bodies  ; and  the  old  one  fometimes  continues,  and  fometimes 
peels  off  like  the  cuticle  of  a ferpent,  as  is  feen  on  the  trunks  of  many 
cherry-trees  and  birches.  Thefe  veffels,  when  contraded  in  dry  tim- 
ber, appear  like  horizontal  infertions  in  many  planed  boards,  in 
which  the  fpiral  abforbent  veffels  become  by  their  contradion  the  lon- 
gitudinal fibres,  as  appears  in  the  figure  of  a walking  cane  given  by 
Dr.  Grew,  Tab.  XX. 

Thefe  horizontal  veffels  I fuppofe  to  contain  air  inclofed  in  a thin 
moifi:  membrane,  which  may  ferve  the  purpofe  of  oxygenating  the 
fluid  in  the  extremities  of  fome  fine  arteries  of  the  embryon  buds,  in 
the  fame  manner  as  the  air  at  the  broad  end  of  the  egg  is  believed  to 
oxygenate  the  fluids  in  the  terminations  of  the  placental  veffels  of  the 
embryon  chick,  as  further  noticed  in  Sed.  III.  2.  6.  and  III.  1.  4. 

5.  The  abforbent  vellels  of  trees  in  palling  down  their  trunks 
confift  of  long  hollow  cylinders,  whofe  fides  I believe  to  be  compofed 
of  a fpiral  line,  and  are  of  fuch  large  diameters  in  fome  vegetables  as  to 
be  vifible  to  the  naked  eye,  when  they  become  dry  and  empty,  as  in 
cane.  Air  will  rapidly  pafs  through  thele  veffels  in  either  direction, 
as  may  be  feen  in  lighting  a cane  lome  inches  long  at  either  end,  and 
drawing  the  fmoke  through  the  pores  of  it  into  the  mouth,  as  through 
a tobacco-pipe.  Dr.  Hales  readily  paffed  both  air  and  water  through 
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a recent  vegetable  flick  both  upwards  and  downwards,  by  fettingone 
end  of  it  in  a cup  of  water  in  the  receiver  of  an  air-pump,  and  ex- 
haufting  the  air,  Veg.  Stat.  p.  1 54 ; whence  he  concludes  with  Grew, 
that  thefe  are  air-veffels  or  lungs  for  the  purpofe  of  refpiration,  and 
that  they  receive  atmofpheric  air  in  their  natural  hate. 

There  is  one  objection  to  their  ufe  as  air-veffels,  which  is,  that 
they  have  no  communication  with  the  horizontal  air-veffels  above  de- 
ferred ; for  by  blowing  forcibly  through  a piece  of  dry  cane  immerf- 
ed  deep  in  water,  no  air  is  feen  to  bubble  out  of  the  fides,  but  only 
from  the  bottom  of  it.  It  may  indeed  be  fuppofed,  that  the  longi- 
tudinal cavities  in  dry  cane  may  not  confift  of  the  abforbent  veffels 
above  deferibed,  but  of  the  interftices  between  them,  as  the  coats  of 
thofe  abforbent  veffels,  confifting  of  a fpiral  line,  may  be  thought  to 
clofe  up  by  their  vermicular  contraction  ; and  their  interftices,  con- 
fifting of  vegetable  cellular  membrane,  may  be  fuppofed,  when  dry,  to 
become  the  tubes  in  cane.  But  in  this  cafe  the  longitudinal  canals 
in  dry  cane  would  not  be  circular  cylinders,  whereas  they  are  fo  re- 
prefented  in  a figure  of  a piece  of  cane  much  magnified  by  Dr.  Grew, 
Tab.  XX.  who  has  in  the  fame  figure  given  the  mouths  of  hori- 
zontal air-veffels  of  circular  form  and  larger  diameter. 

But  there  is  another  infuperable  objection  to  this  idea  of  their  ufe, 
which  is,  that  thefe  veffels  equally  exift  in  the  roots  of  plants  as  in 
their  trunks  ; and  according  to  Malpighi  with  larger  diameters ; and 
probably  terminate  externally  only  in  the  roots  ; and,  as  they  are 
there  not  expofed  to  the  atmofphere,  they  cannot  ferve  the  purpofe 
of  refpiration  ; air  neverthelefs  in  its  combined  ftate,  or  even  as  dif- 
folved  in  water,  may  be  abforbed  by  thefe  veffels  ; and  may  appear, 
when  the  preffure  of  the  atmofphere  is  removed  in  the  exbaufted 
receiver ; or  when  expanded  by  heat,  as  is  feen  in  the  froth  at  one  end 
of  a green  ftick,  when  the  other  end  is  burning  in  the  fire. 

6.  Thefe  vegetable  abforbents  differ  from  thofe  of  animals  in  the 
facility,  with  which  they  carry  their  fluids  either  way;  for  a forked 
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branch  of  a tree,  torn  from  its  trunk,  and  having  one  of  its  forks 
with  the  leaves  on  it  inverted  in  a veffel  of  water,  will  continue  for 
feveral  days  unwithered,  nearly  as  well  as  if  the  whole  had  been  placed 
■upright  in  the  water.  A willow  rod  on  the  fame  account  will  grow 
almoft  equally  well,  whether  the  apex  or  bafe  of  it  be  fet  in  the 
ground  ; and  Dr.  Bradley,  I think,  mentions  a young  goofeberry-tree 
having  been  taken  up,  and  replanted  with  its  branches  in  the  earth, 
and  its  roots  in  the  air ; and  that  the  branches  put  forth  root-fibres, 
and  the  roots  put  forth  leaf-buds.  There  is  likewife  a curious  expe- 
riment by  Dr.  Hales,  who  attached  the  eaftern  branch  of  a young 
tree  to  its  neighbour  by  inarching,  and  its  weflern  branch  to  another 
of  its  neighbours  in  the  fame  manner  ; and  after  they  were  united, 
he  cut  the  flem  of  the  middle  tree  from  its  root,  and  thus  left  it  hang- 
ing in  the  air  by  its  two  inarched  arms,  where  it  flourifhed  with  con- 
fiderable  vigour. 

This  power  of  carrying  their  fluid  contents  in  a retrograde  direc- 
tion is  alfo  poffefled  in  fome  degree  by  the  abforbents  of  animals, 
particularly  in  their  difeafed  ftate,  and  even  in  the  operation  of  an 
emetic,  as  fhewn  in  Zoonomia,  Vol.  I.  Se<fl.  29  ; and  is  vifible  in  the 
oefophagus  or  throat  of  cows,  who  convey  their  food  firft  down- 
wards, and  afterward  upwards  by  a diredt  and  retrograde  motion  of 
the  annular  cartilages,  which  compofe  the  gullet,  for  the  purpofe  of 
rumination. 

7.  The  ftrufture  of  thefe  large  vegetable  abforbents,  erroneoufly 
called  air-veffels,  probably  confifts  of  a lpiral  line,  and  not  of  a velfel 
interrupted  with  valves,  and  differs  in  this  conftru£tion  from  animal 
lymphatics  ; for  firfl,  on  breaking  nlmoft  any  tender  vegetable,  as  a 
laft  year’s  fprig  of  a role-tree,  or  the  middle  rib  of  a vine-leaf,  and 
gradually  extending  fome  of  the  fibres,  which  adhere  the  longefl, 
this  fpiral  ftru£ture  becomes  vifible  even  to  the  naked  eye,  and  di(- 
timflly  fo  by  the  ufe  of  a common  lens,  as  is  delineated  in  Duhamel’s 
Phifique  des  arbres,  T.  1.  Tab.  II.  Fig.  17,  18,  19,  and  in  Plate  LI. 

and 
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and  LIL  of  Grew’s  Anatomy  of  Plants  (fol.  edit.),  and  by  this  eafy 
experiment  both  that  abforbent  fyftem,  which  imbibes  nourifhment 
from  the  earth,  and  brings  it  to  the  caudex  of  each  bud  ; and  that 
which  imbibes  moifture  from  the  air,  and  a patt  of  the  perfpirable 
matter  on  the  furface  of  the  leaf,  and  brings  it  to  the  caudex  of  each 
bud,  are  agreeably  demondrated.  See  Plate  II.  Fig.  i-  And  that  thefe 
velfels  of  large  diameter,  with  their  Tides  confiding  of  a fpiral  line, 
are  not  arteries  or  veins,  is  evinced  by  infpe&ing  a idem  of  euphor- 
bia, fpurge;  or  the  dalk  of  a fig-leaf,  ficus,  immediately  on  dividing 
them,  as  the  milky  juice  oozes  from  a ring  of  veflels  exterior  to  thole 
large  abforbents. 

Secondly,  that  thefe  veffels  are  not  furniihed  with  frequent  valves 
is  countenanced  by  the  experiments  before  mentioned  in  No.  5 of  this 
fedion,  one  of  which  confided  of  lighting  a piece  of  cane,  and  draw- 
ing the  fmoke  through  it,  as  through  a tobacco-pipe,  in  either  direc- 
tion ; and  the  other  in  placing  a bit  of  recent  twig  with  one  end  of  it 
in  a cup  of  water- in  the  receiver  of  aa  air-pump,  and  caufing  both 
air  and  water  to  pafs  through  it  in  either  dir  ed  ion. 

If  the  minuter  branches  of  vegetable  abforbents  be  of  a fimilar  ftruc- 
ture,  it  is  eafy  to  conceive  how  a vermicular  or  peridaltic  motion  of 
the  veffel,  beginning  at  the  lowed  part  of  it,  each  fpiral  ring  fuc- 
cedively  contracting  itfelf,  till  it  Jills  up  the  tube , mud  forcibly  pufh 
forwards  its  contents  without  the  aid  of  valves  ; and  if  this  vermicular 
motion  fhould  begin  at  the  upper  end  of  the  veffel,  it  mud  with  equal 
facility  carry  its  contained  fluid  in  a retrograde  or  contrary  direction. 

8.  As  the  abforbent  veffels  in  the  roots  of  plants  are  protected 
from  the  frod  in  fome  degree  by  the  earth  which. covers  them  ; they 
feem  at  all  times  to  be  fufficiently  alive  to  drink  up  and  pufh  for- 
wards their  adapted  fluid,  fince  if  a branch  of  a tree  is  brought  into 
a warm  room,  it  will  in  general  pullulate  in  the  winter,  as  foon  as 
the  veffels  of  the  upper  part  of  the  branch  are  rendered  diffidently  ir- 
ritable by  warmth  to  ad  in  concert  with  the  abforbents  of  the  root, 

D Neverthelefs, 


*8  ABSORBENT  VESSELS.  Sect.  II.  9,  10. 

Neverthelefs,  in  fevere  frofls  it  is  necefiary  to  guard  all  the  parts  of 
the  Rem  which  is  expofed  to  the  open  air,  as  is  experienced  in  the 
vines  brought  through  holes  into  hot-houfes,  otherwife  after  the  buds 
are  put  out  a fevere  frofl:  fo  affeCts  the  ftems  on  the  outfide  of  the 
houl'e  as  to  deftroy  all  the  fruit  of  that  year.  Kenedy  on  Gardening, 
Vol.  I.  p.  270.  And  it  is  obferved  in  Mr.  A.  Aikin’s  Natural  Hiftory 
of  the  Year,  that  much  ice  was  carried  from  the  ftreets  in  London  in 
1794.,  and  piled  round  fome  elm  trees  in  Moorfields,  many  of  which 
were  deftroyed  in  the  enfuing  fpring  by  the  flow  melting  of  it. 

9.  The  abforbent  vefiels  of  vegetables,  like  thofe  of  animal  bodies, 
are  liable  to  err  in  the  fele&ion  of  their  proper  aliment,  and  hence  they 
fometimes  drink  up  poifonous  fluids,  to  the  detriment  or  deftruCtion 
of  the  plant.  Dr.  Hales  put  the  end  of  a branch  of  an  apple-tree,  part 
of  which  was  previoufly  cut  off,  into  a quart  of  re&ified  fpirit  of  wine 
and  camphor,  which  quantity  the  flem  imbibed  in  three  hours,  which 
killed  one  half  of  the  tree.  Veg.Stat.p.  43.  Some  years  ago  I fprinkled 
on  fome  branches  of  a wall-tree  a very  flight  folution  of  arfenic,  with 
intent  to  dejdroy  infedls  ; but  it  at  the  fame  time  deftroyed  the  branches 
it  was  thrown  upon.  And  I was  informed  by  Mr.  Wedgewood,  that 
the  fruit-trees  planted  in  his  garden  near  Newcaftle  in  Stafford  fhire, 
which  confided  of  an  acid  clay  beneath  the  factitious  foil,  became 
unhealthy  as  foon  as  their  roots  penetrated  the  clay  ; and  on  infpec- 
tion  it  appeared,  that  the  fmall  fibres  of  the  roots,  which  had  thus 
penetrated  the  clay,  were  dead  and  decayed,  probably  corroded  by  the 
vitriolic  acid  of  the  clay,  beneath  which  is  a bed  of  coals. 

It  is,  however,  aiferted  by  M.  Buffon,  that  the  roots  of  many  plants 
will  creep  afide  to  avoid  bad  earth,  or  to  approach  good.  Hift.  Nat. 
Vol.  III.  But  this  is  perhaps  better  accounted  for  by  fuppofing,that  the 
roots  put  out  no  abforbent  veflels,  where  they  are  not  ftimulated  by 
proper  juices ; and  that  an  elongation  of  roots  in  confequence  only 
fucceeds,  when  they  find  proper  nutriment. 

10.  Thefe  long  and  large  cylindrical  abforbent  veflels,  which  pafs 
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Reprefents  the  fpiral  veflels  of  a vine-leaf  confiderably  magnified,  copied  from  Grew, 
Tab.  LI.  On  flowly  tearing  afunder  almoft  any  tender  vegetable  flioot  or  leaf,  the 
fpiral  ftrudVure  of  thefe  veflels  becomes  vifible  to  the  naked  eye.  They  have  been  er- 
roneoufly  believed  to  be  air-veflels ; but  as  they  exift  equally  in  the  roots  of  plants,  as  in 
their  barks,  and  have  no  communication  with  the  horizontal  perforations  of  the  cuticle 
of  the  bark,  they  cannot  be  air-veflels,  and  are  therefore  believed  to  conftitute  the  ab- 
forbent  veflels  of  the  adult  vegetable,  and  the  umbilical  ones  of  the  embryon  bud.  A 
fimilar  plate  of  the  fpiral  ftrudlure  of  thefe  veflels  is  given  by  Duhamel.  As  they  are 
larger  than  the  vegetable  blood-veflels,  and  pafs  along  the  whole  caudex  of  each  bud 
from  its  plumula  to  its  radicle,  as  well  as  to  the  cutaneous  abforbents,  thofe  of  the  trunks 
of  trees  or  herbaceous  plants  may  be  thought  to  refemble  the  receptaculum  chyli  of  ani- 
mal bodies.  See  Sedl.  II.  7. 
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from  the  roots  of  trees  up  to  the  fummit  of  the  caudex  of  each  bud  at 

the  foot-ftalk  of  the  leaf,  I fuppofe  to  be  analogous  to  the  receptacle 

of  the  chvle  of  animals,  as  the  fmali  abforbent  branches  of  the  roots 

probably  unite  beneath  the  foil  into  thole  large  veflels,  which  are 

fo  eafily  vifible;  hence  the  caudex  of  each  bud  con  fills  of  an  elon-^ 

nation  of  abforbent  veflels,  and  of  arteries  and  veins  reaching;  fronx 
^ < ° 
the  union  of  the  root-branches  to  the  foot-ftalk  of  each  leaf,  and  the 

plumula  of  the  bud  in  its  bofom,  as  defcribed  in  Seel.  I.  7. 
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SECT.  III. 

THE  UMBILICAL  VESSELS  OF  SEEDS  AND  BUDS. 

I.  i.  Seeds  are  a Jexual  offspring  like  eggs.  Some  feeds  and  eggs  contain  two  kinds 
of  nourijhment.  Other  feeds  and  Jpawn  of  fijh  contain  but  one  kind  of  nour  fo- 
ment. 2.  Air-bag  in  eggs , and  in  fome  fruits ; not  in  feeds , nor  in  Jpawn . 
3.  Veffels  improperly  called  umbilical ; thofe  properly  called  umbilical  confift  of  ab- 
forbents,  and  a placental  artery  and  vein.  Seed  embryon  and  chick  begin  their 
growth  by  the  a A ion  of  their  abforbents.  4.  Seminal  roots  of  Grew , and  chorion 
of  the  chick  of  Malpighi , are  refpiratory  organs.  5.  In  what  the  chick  differs  from 
the feed- embryon.  Nothing  is  found  in feeds  fimilar  to  the  yolk  of  the  egg.  II.  1 . Buds 
and  bulbs  are  a paternal  offspring ; exactly  refemble  their  parents.  2.  Have  um- 

bilical veffels , in  which  the  fap-juice  rifes  in  the  fpring.  Why  the  bark  is  then 
eafily  Jeparated  from  the  alburnum.  3.  Sugar  in  the  fap-juice  exifts  in  the  albur- 

num, and  in  roots.  Dry  rot  of  timber  owing  to  fermentation.  Why  lower  branches 
firfl  pullulate.  4.  Sap  afcends  not  by  capillary  attraction,  but  by  the  irritative 
motions  of  abforbent  veffels.  Inflances  of  vegetable  irritability.  Abforbent  vef— 
fels  fome  times  aft  as  capillary  fyphons , and  as  capillary  tubes.  5.  Umbilical  vef- 
fels coalefce.  Why  trees  do  not  bleed  in  fummer.  6.  Umbilical  veffels  of  buds  like 

thofe  of  feeds.  Poffefs  air -veffels  like  thofe  of  the  chick.  Buds , like  eggs,  fepar  ate 
from  the  parent ; their  umbilical  veffels  improperly  called  placental  ones , as  they 
convey  nutriment  hence  plants  become  dwarfs  if  the  cotyledons  of  the  feed  are  de- 
frayed. Birch -trees  die  if fmeared  with  oil  or  pitch.  7.  Refervoir  of  nutriment 

in  the  alburnum  of  trees , and  in  the  roots  of  biennial  plants.  Experiment  of  boiling 
the  alburnum  and  fermenting  the  liquor.  As  buds  are  formed  at  midfummer,  they 
may  then  be  tranfplanted  by  inoculation , but  in  the  fpring  mufi  be  ingrafted , and 
grow  by  inofculation  of  veffels , like  inflamed  party  of  animals.  8 . A paufe  in 

vegetation  at  midfummer.  New  umbilical  veffels  all  in  autumn , and  the  bark fepa- 
rates  eafily  as  in  fpring.  Honey -dew.  Sap -juice  rfes  in  winter  occaflonally  both  in 
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ever -green  trees  and  deciduous  ones , and  after  the  fummit  of  the  plant  is  cut  off. 

9.  Umbilical  vejfels  and  abforbents  feen  in  a vine-ftalk,  the  latter  exterior  to  the 
former.  Exifi  in  the  alburnum. 

I.  1.  The  feeds  of  vegetables  are  a fexual  offspring  correfponding 
with  the  eggs  of  animals,  and  contain,  like  them,  not  only  the  rudi- 
ment of  the  new  organization,  but  alfo  a quantity  of  aliment  laid  up 
for  its  early  nourifhment. 

The  eggs  of  birds  contain  two  kinds  of  albumen,  or  white,  one 
lefs  vifcid  than  the  other,  which  is  firft  confumed,  and  the  yolk  or 
vitellum,  which  is  drawn  up  into  the  bowels  of  the  chick  at  its  ex- 
clufion  from  the  fhell,  and  ferves  it  for  nourifhment  a day  or  two, 
till  it  can  learn  to  feledt  and  digeft  grains  or  infedls.  In  like  manner 
many  feeds  are  furnifhed  with  two  kinds  of  nourifhment,  the  muci- 
lagmous  or  oily  meal  of  the  feed-lobes,  and  the  faccharine  or  acefcent 
pulp  of  the  fruit,  as  in  pears,  plums,  cucumbers,  which  fupply  nu- 
triment to  the  embryon  plant,  till  it  is  able  to  ftrike  into  the  earth  fuf- 
ficient  roots  for  the  purpofe  of  abforbing  its  nutritious  juices. 

The  fpawn  of  fifh,  and  of  frogs,  and  of  infedts,  as  of  fnails  and  bees, 
which  are  almoft  as  innumerable  as  the  feeds  of  plants,  and  are  in  the 
fame  manner  excited  into  life  by  the  warmth  of  the  fun,  are  analo- 
gous to  thofe  feeds,  I believe,  which  are  not  furrounded  with  fruit, 
and  which  contain  but  one  kind  of  nourifhment  for  the  embryon 
plant,  as  grains  of  corn,  and  legumes ; but  perhaps  thefe  have  not 
yet  been  fufficiently  attended  to  by  philofophers. 

Thefe  eggs  of  animals  and  feeds  of  vegetables  are  produced  by  the 
congrefs  of  male  and  female  organs  ; the  former  fupplying  the  fpeck 
of  animation  or  cicatricula  in  the  egg,  and  the  corculum  or  heart  in 
the  feed  ; and  the  latter  producing  the  nidus,  or  neft  for  its  recep- 
tion, and  the  nutritive  material  for  its  firft  fupport.  Thus  the  eggs 
of  fowls  are  formed  long  before  they  are  impregnated,  and  are  fome- 
times  laid  in  their  unimpregnated  ftate  ; and  the  feeds  of  legumes  are 
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vifible  many  days  before  the  flower  opens,  and  in  confequence  before 
they  are  impregnated,  as  obferved  by  Spallanzani. 

2.  The  egras  of  birds  contain  a bag;  of  air  at  their  broad  end  for  the 
purpofe  of  oxygenating  the  blood  of  the  chick.  In  this  one  circum- 
ftance  the  feeds  of  plants  feem  to  differ  from  the  eggs  of  birds,  as 
they  contain  no  air-bag,  though  it  is  probable  they  may  agree  with 
the  fpawn  of  fifh,  which  I fuppofe  pofiefs  no  included  air.  When  the 
feeds  fall  on  the  ground  in  their  natural  ftate  of  growth,  or  are  buried 
an  inch  or  two  beneath  the  foil,  which  has  recently  been  turned  over, 
and  thus  contains  much  air  in  its  interftices,  their  coats  do  not 
continue  dry  like  the  fhells  of  eggs  during  incubation,  but  immedi- 
ately become  moift  membranes,  like  the  external  membrane  of  the 
fpawn  of  fifh  immerfed  in  water,  and  in  confequence  can  admit  the 
oxygenation  of  the  air  through  them  to  an  adapted  fet  of  arteries  on 
their  internal  furface,  according  to  the  curious  obfervations  of  Dr. 
Prieflley  on  the  oxygenation  of  the  blood  by  the  air  through  the  moift 
membranes  of  the  lungs. 

It  fhould  be  here  obferved,  that  many  feeds,  before  they  fall  on  the 
moift  earth,  are  included  in  a bag  of  air,  as  thofe  of  the  ftaphylea, 
bladder-nut;  of  the  phyfalis  alhekengi,  winter-cherry;  of colutea, 
bladder-fenna ; in  the  pods  of  peas  and  beans  ; in  the  cells  furround- 
ing the  feeds  of  apples  and  pears  ; and  in  the  receptacle  of  ketmia, 
which  probably  ferves  to  oxygenate  the  blood  of  the  infant  feed,  which 
in  thefe  plants  may  thus  be  of  forwarder  growth,  before  it  is  fhed  upon 
the  foil. 

3.  There  exifts  a feries  of  glands,  and  their  dudts,  improperly 
called  umbilical  veflfels  by  fome  writers,  which  fupplies  the  feed  with 
nourifhment  from  the  parent  plant,  fo  long  as  it  adheres  to  the  ova- 
rium of  its  mother,  as  the  veflels  by  which  a pea  adheres  to  the  pod,  in 
which  it  is  included  ; in  fruits  and  nuts,  where  the  kernel  is  covered 
with  a ftone  or  (hell,  a long  cord  of  veflels  pafles  into  the  bottom  of  the 
(lone  or  (hell,  and  rifing  to  the  top  bends  round  the  lobes  of  the  ker- 
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nel,  and  is  inferted  near  or  into  the  corculum  or  heart  of  the  feed, 
where  the  living  principle  refides,  and  affords  not  only  prefent  nu- 
trition to  the  vegetable  embryon,  but  alfo  fecretes  the  farinaceous  or 
oily  materials  for  its  future  nourifhment,  which  coiiftitute  the  cotyle- 
dons of  the  feed. 

But  the  veffels,  which  may  be  properly  called  umbilical,  pafs  from 
the  heart  or  corculum  of  the  feed,  which  is  the  living  embryon  of 
the  future  plant,  into  the  feed-lobes,  commonly  called  cotyledons,  and 
imbibe  from  thence  a folution  of  the  farinaceous  or  oily  matter  there 
depofited  for  the  nutriment  of  the  new  vegetable.  Tbefe  veffels  are 
delineated  in  their  magnified  appearance  by  Dr.  Grew,  Plate  LXXIX. 
fol.  edition,  and  are  by  him  termed  feminal  roots.  See  Plate  I.  Fig.  1. 

Thefe  umbilical  veffels  probably  confiif  of  a fyftem  of  abforbents, 
which  fupply  nutriment  to  the  embryon  plant  from  the  cotyledons 
of  the  feed,  and  alfo  of  a fylfem  of  placental  arteries  and  veins  fpread 
on  the  humid  membrane,  which  covers  the  cotyledons,  and  is  moif- 
tened  by  its  contad  with  the  earth,  for  the  purpofe  of  oxygenating 
the  vegetable  blood.  This  idea  is  countenanced  by  many  plants 
bringing  up  their  cotyledons,  or  feed-lobes,  out  of  the  ground  into 
the  air,  which  are  then  converted  into  leaves,  and  perform  the  office 
of  lungs,  after  they  have  given  up  beneath  the  foil  the  nutriment, 
which  they  previoufly  contained,  as  in  the  young  kidney-bean,  pba- 
feolus  ; fo  the  white  corol  of  the  helleborus  niger,  chriftmas  rofe,  is 
changed  into  a green  calyx  by  loofing  one  fyftem  of  arteries  after  the 
impregnation  of  the  feeds. 

The  feed-embryon  therefore  refembles  the  chick  in  the  egg,  firft 
as  when  vivified  by  the  influence  of  external  warmth  they  both  begin 
their  growth  by  the  abforbent  fyftem  of  veffels  being  ftimulated  into 
adion  by  their  adapted  nutriment ; and  the  fluids  thus  pufhed  for- 
wards ftimulate  into  adion  the  other  parts  of  the  fyftem,  confifting  at 
firft  principally  of  arteries  and  glands. 

Secondly,  they  feem  to  refemble  each  other  in  their  poffefling  each 
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of  them  an  abforbent  fyftem  of  veflels,  which  imbibe  the  nutritious 
matters  laid  up  for  them  in  the  albumen  or  white  of  the  egg,  and  in 
the  cotyledons  or  lobes  of  the  feed  ; and  alfo  of  a placental  l'yftem  of 
arteries  for  the  purpofe  of  oxygenating  their  fluids,  as  described  above 
in  the  feed,  and  which  appears  in  the  egg  to  be  fpread  on  a mem- 
brane, which  covers  the  white,  as  is  (hewn  in  the  plates  of  Mal- 
pighi, and  called  by  him  the  chorion,  and  expofes  the  blood  of  the 
chick  to  the  oxygen  of  the  air  contained  at  the  broad  end  of  the  egg 
through  a moift  membrane. 

4.  The  ufe  of  the  large  apparent  artery  fpread  on  the  cotyledons 
of  a germinating  feed  of  a garden-bean,  called  feminal  roots  by  Grew, 
as  (hewn  in  Plate  I.  Fig.  1,  and  that  fpread  on  the  chorion  of  the 
chick  in  the  egg,  fo  called  by  Malpighi,  and  (hewn  in  Tom.  II.  Fig. 
54,  and  by  Fabricius  ab  Aquapendente,  Tab.  I.  Fig.  13,  which 
mud  be  an  artery,  as  it  carries  red  blood,  are  believed  to  be  refpiratory 
organs,  like  the  placental  veflels  of  the  fetus  of  viviparous  animals, 
becaufe  the  cotyledons  of  fome  feeds  rife  out  of  the  ground,  and  be- 
come leaves,  after  the  nutriment  they  contained  is  expended,  and 
are  then  called  feminal  leaves,  as  in  the  kidney-bean,  phafeolus ; and 
becaufe  thofe  which  do  not  rife  out  of  the  ground  perifli  beneath  the 
foil,  as  foon  as  the  young  plant  gains  its  leaves,  which  are  its  aerial 
refpiratory  organ. 

Secondly,  the  chorion  of  the  chick  conflfts  of  a membrane  includ- 
ing the  white,  or  albumen,  and  is  not  only  in  contact  with  the  air- 
bag at  the  broad  end  of  the  egg,  which,  as  the  chick  advances,  co- 
vers more  than  half  of  the  internal  furface  of  the  (hell,  but  alfo  with 
the  membrane  which  lines  all  the  other  part  of  the  (hell,  as  appears 
in  Plate  111.  which  is  copied  from  Malpighi : yet  this  extenfive 
chorion,  with  the  numerous  arteries  and  veins  which  are  fpread  upon 
its  furface,  is  not  drawn  up  into  the  body  of  the  chick  like  the  yolk 
and  its  including  membrane,  but  perifhes  at  the  nativity  of  the  chick 
like  the  placental  veflels  of  the  fetus  of  viviparous  animals  ; or  fome- 
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times,  I fuppofe,  before  its  nativity,  as  the  chick  perforates  the  air- 
bay,  and  is  heard  to  chirp,  before  it  is  excluded  from  the  fhelh 

Hence  it  would  appear,  that  both  the  artery  attending  the  feminal 
roots  above  mentioned,  and  this  artery  on  the  chorion  of  the  chick, 
muft  perform  fome  more  important  office  than  to  fupply  nouriffiment 
to  the  coats  of  the  abforbent  veflels,  which  imbibe  the  mucilage  of 
the  feed,  or  the  white  of  the  egg,  and  which  abforbents  muft  them- 
felves  poftefs  their  proper  vafa  vaforum.  And  what  more  important 
office  can  they  have  than  that  of  oxygenating  the  blood  of  the  vege- 
table or  animal  embryon  ? And  this  becomes  more  probable  as  they 
both  periffi  at  its  nativity  like  the  placenta  and  cotyledons  of  vivi- 
parous animals. 

5.  As  the  incubation  of  the  chick  advances,  it  differs  from  the  feed- 
embryon  in  the  produ&ion  of  inteftines,  with  a ftomach,  on  the  in- 
ternal furfaces  of  which  the  mouths  of  the  abforbents  now  terminate ; 
and  laftly  in  the  production  of  a mouth  and  throat  to  receive  and 
fwallow  the  remainder  of  the  albumen,  in  which  it  fwims ; whereas 
the  feed- embryon  ffioots  down  new  roots  into  the  earth  with  an  ab- 
forbent fyftem  to  acquire  its  nutriment,  as  that  from  the  cotyledons 
of  the  feed  becomes  exhaufted.  See  Sed.  VII.  1,  2. 

Nor  is  there  anything  fimilar  to  the  yolk  of  the  egg  found  in  the 
feeds  of  vegetables,  which  is  drawn  up  into  the  inteftines  of  the  young 
chick  about  the  time  of  its  exclufton  from  the  fhell  to  ferve  it  with 
nutriment  for  a day  or  two,  till  it  can  learn  of  its  parent  by  imitation 
to  feted  and  fwallow  its  adapted  food.  Nor  is  the  fetus  of  vivipar- 
ous animals  furniffied  with  any  thing  fimilar  to  the  yolk  of  oviparous 
ones,  as  they  have  milk  ready  prepared  for  their  firft  nutriment  in 
the  breaft  of  the  mother. 

As  foon  as  the  new  foliage  of  the  plant  rifing  out  of  the  ground 
becomes  expanded,  and  the  root  defcending  penetrates  the  earth  with 
its  fibrous  ramifications,  the  umbilical  fyftems  of  veflels  ceafe  to  ad, 
both  the  abforbents,  which  previoufly  fupplied  the  young  embryon 

E with' 


26  UMBILICAL  VESSELS.  Sect.  III.  II.  i,  2. 

with  nutriment  from  the  cotyledons,  and  alfo  the  placental  artery* 
which  was  fpread  on  the  exterior  membrane  of  the  cotyledons  for  the 
purpofe  of  oxygenation.  Thefe  veflels  now  either  coalefce  and  decay 
beneath  the  foil,  or  wither  and  fall  off,  when  raifed  above  it  in  the 
form  of  feed -leaves. 

II.  1.  The  feeds  of  plants  are  thus  a fexual  or  amatorial  progeny, 
produced  principally  by  the  male  part  of  the  flower,  and  received 
into  a proper  nidus,  and  fupplied  with  nutriment  by  the  female  part 
of  it,  and  which  can  thus  claim  both  a father  and  a mother.  But  the 
buds  of  vegetables  are  a linear  pogeny,  produced  and  nourifhed  by  a 
father  alone,  to  whom  they  adhere,  not  falling  off  like  the  feeds,  as 
is  farther  treated  of  in  Zoonomia,  Vol.  I.  Sed.  XXXIX.  II.  2.  and  in 
Sed  VII.  I.  3.  of  this  work.  For  in  this  moll:  Ample  kind  of  ve- 
getable reproduction,  by  the  buds  of  trees,  and  by  the  bulbs  of  fome 
plants,  and  by  the  wires  of  others,  which  are  their  viviparous  pro- 
geny, the  caudex  of  the  leaf  is  the  parent  of  the  bud  or  bulb,  or  wire,  ' 
which  rifes  in  its  bofom,  according  to  the  obfervation  of  Linneus. 

This  linear  or  paternal  progeny  of  vegetables  in  buds  or  bulbs,  or 
wires,  is  attended  with  a very  curious  circumftance,  which  is  that 
they  exactly  refemble  their  parents,  when  they  are  arrived  at  their 
maturity,  as  fhewn  in  Sed.  VII.  1.  3.  as  is  obferved  in  grafting 
fruit-trees,  and  in  propagating  flower-roots,  or  flrawberries,  or  po* 
tatoes,  by  their  wires  or  roots  ; whereas  the  feminal  offspring  of 
plants,  as  it  derives  its  form  in  part  from  the  mother  as  well  as  fa- 
ther, is  liable  to  perpetual  variation,  both  which  events  are  employed 
to  great  advantage  by  Ikilful  gardeners. 

2.  As  the  embryons  in  the  buds  are  the  viviparous  offspring  of  ve- 
getables, it  becomes  neceflary,  as  they  have  no  mouths,  that  they 
jhould  be  furnifhed  like  the  embryons  in  the  feeds  with  umbilical 
veflels  to  fupply  them  with  nourifhment,  till  they  acquire  roots  with 
another  fet  of  abforbent  veflels  to  imbibe  moifture  from  the  earth,  and 
leases  to  ad  like  lungs  for  the  purpofe  of  oxygenating  their  blood. 
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Thefe  umbilical  veflels,  which  fupply  the  buds  of  plants  with  nou- 
riffiment  in  the  early  fpring,  and  unfold  their  foliage,  have  been  much 
attended  to  by  Dr.  Hales  and  Dr.  Walker  (Edinb.  Phil.  Tranfadl. 
Vol.  I.)  The  former  obfer-ved,  that  the  fap  from  the  flump  of  a vine, 
which  he  had  cut  off  in  the  beginning  of  April,  arofe  twenty-one 
•feet  high  in  glafs  tubes  affixed  to  it  for  that  purpofe,  but  which  in  a 
few  weeks  ceafed  to  bleed.  Dr.Walker  alfo  marked  the  progrefs  of 
'the  afcending  fap  in  various  branches  of  trees,  and  obferved,  that  in 
cold  weather  it  flopped  many  hours  in  a day,  as  well  as  in  the  night, 
and  found  likewife  as  foon  as  the  leaves  became  expanded,  that  the 
wounded  trees  ceafed  to  bleed. 

The  veffels,  which  convey  the  fa p-juice  with  fuch  amazing  force,  are 
fituated  in  or  compofe  the  alburnum,  or  fap-wood,  of  the  trunk  or  root 
of  the  tree ; nor  is  it  furprizing,  that  fome  of  it  when  preffed  by  fo 
high  a column  ffiould  exfude  into  the  cells  between  the  alburnum 
and  bark,  as  in  thefe  cells  much  fap-juice  was  obferved  by  Dr.Walker, 
and  this  accounts  for  the  great  eafe  with  which  the  barks  of  willows 
and  of  oaks  are  feparated  in  the  fpring  from  their  wood.  The  abforb- 
ent  mouths  of  thefe  fap-veflels  open  externally  in  the  moifl  earth  on 
the  roots  of  trees,  and  alfo  into  the  air  on  their  trunks  ; and  thus  mix 
the  aqueous  fluids,  which  they  thus  imbibe,  with  the  faccharine  and 
mucilaginous  materials  depofited  previoufly  in  the  alburnum  of  thefe 
roots  and  trunks. 

3.  This  afcending  fap-juice  during  the  fpring  feafon  is  in  fome 
trees  fo  fweet,  that  it  is  ufed  in  making  wine,  as  that  of  the  birch- 
tree  in  this  country;  and  fugar  is  procured  in  fuch  quantity  from  a 
maple  in  Penfylvania,  that  from  each  tree  five  or  fix  pounds  of  good 
fugar  have  been  made  annually  without  deflroying  it.  Ruffi,  on  Sugar 
Maple.  Phillips.,  London.  This  fugar  is  depofited  I believe  in  the 
fap-wood  of  the  trunk  and  roots  of  trees,  as  in  the  manna-affi,  and 
is  diflolved  in  the  fpring  by  the  moifture,  which  is  drank  up  by  the 
abforbents  from  the  earth  and  atmofphere,  and  forcibly  carried  on  to 
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expand  the  buds.  Its  exigence  in  the  fap-wood  as  well  as  in  the 
roots  is  fhewn  from  the  pullulation  of  oak-trees,  which  have  been 
flripped  of  their  bark,  and  alfo  from  the  expanfion  of  the  eyes  of  a 
vine-Ihoot,  when  it  is  cut  from  the  tree,  and  planted  in  the  earth,  as 
defcribed  in  Se£t.  XV.  1.3. 

This  fuggefts  to  us  the  reafon  why  the  wood  of  trees  is  fo  much 
fooner  fubjeft  to  decay,  when  they  are  felled  in  the  vernal  months ; 
becaufe  the  fugar,  which  the  fap-wood  then  contains,  foon  runs  into 
fermentation,  and  produces  what  is  called  the  dry  rot ; whence  the 
cuflom  has  prevailed  of  debarking  oaks  in  the  fpring,  and  felling 
them  in  the  autumn  ; and  it  is  probable  that  the  wood  of  all  other 
trees  would  laft  much  longer,  if  it  was  thus  managed,  as  the  growth 
of  the  new  leaves  would  exhault  the  fugar  of  the  fap-wood. 

Sweet  juices  for  a fimilar  purpofe  of  expanding  the  buds  of  herba- 
ceous plants  are  depofited  during  the  autumn  in  their  roots,  as  in  tur- 
nep,  beet,  tragapogon ; or  in  the  knots  or  joints  of  the  Item,  as  in 
grafles,  and  the  fugar-cane ; which  like  the  farina  and  oil  in  feeds,  and 
the  dulcet  mucilage  of  fruits,  and  the  honey  of  flowers,  were  defigned 
for  the  food  of  the  young  progeny  of  plants,  but  become  the  fufte- 
nance  of  mankind ! 

As  the  faccharine  matter  which  is  thus  depofited  in  the  roots,  or  in 
the  alburnum,  or  in  the  joints  of  plants,  mufl:  be  diluted  by  the 
moifture  abforbed  from  the  earth  by  their  roots,  we  underftand  why 
the  leaves  of  the  lower  branches  of  trees  are  firffc  expanded,  as  is  feeu 
diftin&ly  in  the  hawthorn  hedges  in  April,  as  thefe  muft  firft  receive 
the  afcending  fap-juice,  as  was  obferved  by  Dr.Walker  in  his  ac- 
count of  the  maple. 

4.  The  force  of  the  rifing  fap  from  a vine-flump  in  the  bleeding 
feafon,  as  difcovered  by  Dr.  Hales,  is  at  fome  times  equal  to  the 
whole  prefigure  of  the  atmofphere,  which  is  about  fourteen  pounds  on 
a fquare  inch  of  furface.  This  great  power  in  raifing  the  fap  he  af- 
cribes  to  capillary  attra&ion,  and  to  the  variations  of  heat  during  the 
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day  and  night.  In  regard  to  capillary  attra&ion,  however  high  it  may 
raife  a fluid  in  very  fmall  tubes,  it  can  not  make  it  flow  over  them, 
as  the  fap-juice  did  in  Dr.  Hales’s  vine-ftump  ; nor  can  it  raife  a fluid 
quite  to  a level  with  the  upper  rim  of  a glafs  tube,  as  the  fluid  is  there 
more  attradled  downwards  by  the  glafs  befides  its  gravity,  and  is  left 
in  confequence  with  a concave  furface. 

The  means  by  which  vegetable  abforbent  veflels  in  their  living 
ftate  imbibe  the  fluids  of  the  earth  and  atmofphere,  and  carry  them 
forwards  with  fo  much  force,  muft  be  fimilar  to  thofe,  with  which 
animal  abforbent  veflels  perform  the  fame  office ; that  is  by  their 
mouths  being  excited  into  adion  by  the  ftimulus  of  the  fluids,  which 
they  abforb. 

Th  is  circumflance  is  confirmed  by  the  evident  proofs  of  the  irri- 
tability of  plants  in  various  other  inftances,  as  the  clofing  and  open- 
ing of  the  petals  and  calyxes  of  flowers  by  light  and  darknefs,  warmth 
and  cold,  drynefs  and  moiflure,  and  by  the  motions  of  the  leaves  of 
mimofa,  or  fenfitive  plant,  and  of  dionoea  mufcipula,  by  any  me- 
chanical ftimulus.  To  this  might  be  added  a variety  of  inftances  of 
the  irritability  of  vegetables  to  the  ftimulus  of  heat,  being  increafed 
after  a previous  expofure  to  cold,  exactly  in  the  fame  manner  as  hap- 
pens to  animal  bodies,  which  are  enumerated  in  a note  in  the  Botanic 
Garden,  Vol.  I.  Canto  I.  1.  322,  whence  the  reciprocal  times  of  the 
ading  and  the  ceafing  to  ad  of  thefe  vernal  vegetable  abforbents,  which 
are  here  termed  umbilical  veflels,  in  the  experiments  both  of  Dr. 
Hales  and  Dr.  Walker,  may  be  readily  explained  by  their  having  been 
benumbed  by  the  cold,  or  excited  into  adion  by  the  warmth  of  the 
air  or  earth.  See  Sed.  XIII.  2.  3. 

From  one  experiment  neverthelefs  of  Dr.  Walker’s  thefe  veflels 
mccafionally  ad  as  capillary  fyphons,  becaufe  when  he  bent  down  a 
branch  much  lower  than  its  origin  from  the  tree,  and  cut  off  the  end 
of  it  in  the  bleeding  feafon,  the  fap  flowed  from  the  extremity  of 
this  branch  fo  bent  down*  when  fome  wounds  two  or  three  feet 
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lower  than  the  origin  of  this  branch  did  not  bleed.  This  may  be 
accounted  for  from  the  afeent  of  the  fluid  in  thefe  veflels  being  at 
this  time  principally  owing  to  the  adtion  of  their  abforbent  mouths, 
and  to  their  confifting  of  long  cylinders  with  minute  diameters  and 
rigid  coats,  like  thofe  which  are  vifible  to  the  eye  in  dry  cane,  through 
which  fmoke  will  pafs  in  either  direction,  and  vv  hich  at  this  early  fea- 
fon  may  not  be  excited  into  vegetable  action  ; there  is  neverthelefs  a 
power  of  abforption  exifting  in  any  part  of  them  in  the  warmer  lea- 
fon,  becaufe  a branch  or  fiower-ftalk  cut  from  the  root,  and  fet  in  a 
glafs  of  water,  will  drink  up  a conflderable  quantity  of  it.  There  is 
alfo  a fituation  in  their  difeafed  or  dead  ftate,  where  they  appear  to 
acl  for  fome  years  like  capillary  tubes,  as  in  the  decorticated  part  of  a 
pear-tree,  deferibed  in  Sedl.  XV.  2,  3. 

5.  During  the  great  adtion  of  thefe  umbilical  abforbent  veflels  the 
buds  become  expanded,  that  is  the  young  vegetable  beings  put  forth 
leaves,  which  are  their  lungs,  and  confift  of  a pulmonary  artery,  vein, 
and  abforbents,  and  alfo  acquire  a new  bark  over  that  of  the  branches, 
trunk,  and  roots,  of  the  laft  year,  which  conflfts  of  aortal  arteries, 
veins,  and  abforbents,  and  new  radicles,  which  terminate  in  the  foil. 
At  this  time  the  umbilical  veflels,  which  exifted  in  the  alburnum,  or 
fap-wood,  ceafe  to  adt,  and  coalefoe  into  more  folid  wood,  perhaps 
Amply  by  the  contradlion  of  the  fpiral  fibre,  of  which  they  are  com- 
pofed  ; and  the  fwarm  of  new  vegetables,  which  conftitute  a tree,  are 
now  nourifhed  by  their  proper  ladteal  and  lymphatic  fyftems. 

A curious  circumftance  now  occurs,  which  is  that  wherever  a tree 
is  now  wounded,  no  moifture  appears.  On  the  contrary,  the  wound 
from  Dr.  Hales’s  experiments  is  in  a ftrongly  abforbing  ftate,  infomuch 
4hat  on  applying  water  to  wounds  made  in  the  fummer  fealon,  it  was 
found  to  be  drank  up  with  great  force,  as  was  ingenioufly  fhewn  by 
mercurial  fyphons  contrived  to  refift  its  abforption. 

This  evinces,  that  though  during  the  bleeding  feafon  in  the  vernal 
months  the  fap-juice  is  imbibed  by  the  umbilical  abforbents,  and  car- 
ried 
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ried  upwards  probably  by  the  annular  contraction  of  the  fpiral  fibres, 
which  I believe  compofe  thefe  abforbent  vefTels,  in  fuch  quantities  as 
to  bleed  wherever  the  alburnum  is  expofed  or  wounded,  yet  that  af- 
terwards the  exhalation  by  the  numerous  leaves  becomes  fo  great, 
that  the  actions  of  the  new  radical  and  lateral  abforbents  do  not 
fupply  a fluid  fo  faft,  as  it  could  otherwife  be  expended  in  the  growth 
of  the  plant,  or  diffipated  into  the  air  ; and  as  the  vefTels,  which  pafs 
down  the  trunks  of  trees,  inofculate  in  variety  of  places,  as  is  feen  in 
the  cloth  made  at  Otaheite  from  the  bark  of  a mulberry-tree,  when 
a wound  is  made  through  fome  of  thefe  vefTels,  the  fluid,  which 
might  otherwife  ooze  out,  is  carried  away  laterally  by  thofe  in  their 
vicinity;  and  as  the  vefTels  of  vegetables  are  rigid,  and  do  not  collapfe 
when  wounded  like  thofe  of  animals  ; and  as  the  circulation  in  them 
is  comparatively  flow,  but  little  of  their  contained  fluids  are  poured 
out  of  them  when  wounded  in  the  fummer  months. 

6.  From  all  thefe  obfervations  it  finally  appears,  that  the  umbilical 
vefTels  of  each  bud  are  fimilar  to  thofe  of  a feed,  which  are  called  by 
Dr.  Grew  feminal  roots,  and  that  like  the  umbilical  cords,  which 
form  the  wires  of  ftrawberries  above  ground,  and  of  potatoes  under 
ground,  they  fupply  the  new  vegetable  with  nutriment,  till  the  leaves 
are  expanded  in  the  air,  and  new  roots  are  pufhed  out  and  penetrate 
the  earth. 

There  is  alfo  a curious  analogy  between  thefe  umbilical  vefTels  of 
buds,  which  exifl  in  the  alburnum  of  trees,  and  thofe  belonging  to  the 
chick  in  the  egg,  which  confifts  in  their  both  poflefling  certain  air— 
vefTels ; tboie  of  trees  pafs  horizontally  from  the  bark  to  the  albur- 
num, and  that  of  the  egg  exifls  at  the  broad  end  of  it.  Thus  it  is 
probable,  that  the  fluid  in  the  fine  extremities  of  the  new  vefTels  of 
the  embryon  bud  becomes  oxygenated  by  thefe  horizontal  air-vefTels, 
in  the  lame  manner  as  the  fluid  in  the  terminations  of  the  arteries  on 
the  chorion  of  the  chick  is  believed  to  become  oxygenated  by  the  air 
* ~ contained 
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contained  at  the  broad  end  of  the  egg,  as  alluded  to  in  Se£t.  II.  4. 
and  III.  1.  4. 

A circumflance,  in  which  the  bud  may  be  conceived  to  differ  from 
the  egg,  confiffs  in  the  feparation  of  the  egg  from  its  parent,  as  foon  as 
the  fetus  has  acquired  a certain  maturity,  along  with  its  umbilical  vef- 
lels,  and  its  refervoir  of  nutriment.  But  in  vegetables  fomethinc 
fimilar  occurs,  for  the  parent  bud  is  feparated  by  death  in  the  autumn 
from  its  embryon  offspring  ; the  leaf  falls  off,  which  was  the  lungs  of 
the  parent  bud,  and  the  veffels  of  its  caudex,  which  formed  the  bark, 
coalefce  into  alburnum,  or  Tap-wood,  furrounding  the  umbilical  vef- 
fels of  the  new  bud  ; which  thus  may  be  faid  to  loofe  its  parent  like 
the  egg,  but  retains  its  umbilical  veffels,  and  a refervoir  of  nutriment, 
which  exiffs  in  the  fap-wood,  and  alfo  another  fyffem  of  veffels, 
which  conffitute  the  new  bark  of  the  tree,  confiffing  of  the  inter- 
woven caudexes  of  each  individual  new  bud. 

But  as  the  umbilical  veffels  of  plants  above  defcribed,  which  con- 
ffitute the  alburnum  of  the  trunks  of  trees,  and  the  feminal  roots,  fo 
called,  of  the  growing  feed,  convey  nutriment  to  the  embryon  bud,  or 
to  the  rifing  plumula,  as  well  as  oxygenation,  they  are  not  fimilar 
in  that  refpedt  to  the  placenta  of  the  animal  fetus,  and  were  impro- 
perly called  placental  veffels  in  the  notes  to  the  Botanic  Garden,  as 
the  placenta  of  the  animal  fetus  is  fhewn  in  Zoonomia,  Vol.  I.  Se£t. 
XXXVIII.  to  be  an  organ  of  refpiration  only,  like  the  gills  of  fifh, 
and  not  an  organ  for  nutrition. 

Hence  when  the  cotyledons  of  feeds  are  cut  away  from  the  rifing 
plume,  the  plant  becomes  a dwarf  for  want  of  nutriment ; and  the 
wounding  or  expofing  the  alburnum  of  bleeding  trees,  as  of  the  birch 
or  maple,  in  the  vernal  months  to  obtain  the  fap-juice  retards  the 
expanfion  of  the  new  buds,  and  the  confequent  growth  of  the  tree. 
Hence  alfo  it  appears,  why  fmearing  the  bark  of  a tree  with  pitch,  or 
oil,  or  paint,  is  liable  to  deffroy  the  new  buds,  and  confequently  the 
5 . tree. 
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tree,  by  Hopping  up  their  fpiracula ; and  why  covering  an  egg  with 
greafe  or  varnilh  is  Laid  to  prevent  the  production  of  a chicken,  by 
preventing  a change  of  air  at  the  broad  end  of  it. 

7.  We  may  conclude  that  the  umbilical  veffels  of  the  new  bud  are 
formed  along  with  a refervoir  of  nutritious  aliment  about  midfummer 
in  the  bark,  which  conftitutes  the  long  caudex  of  the  parent  bud,  in 
the  fame  manner  as  a refervoir  of  nutritious  matter  is  formed  in  the 
root  or  broad  caudex  of  the  turnep  or  onion,  for  the  nourilhment  of 
the  riling  Hem.  And  that  thefe  umbilical  veffels  of  the  em- 
bryon  bud,  and  the  refervoir  of  nutriment  laid  up  for  it,  which  is 
fecreted  by  the  glands  of  the  parent  bud,  clnd  now  intermixed  with 
the  prefent  bark  of  the  tree,  become  gradually  changed  into  albur- 
num, or  fap-wood,  as  the  feafon  advances,  in  part  even  before  the 
end  of  fummer,  and  entirely  during  the  winter  months. 

That  the  alburnum  of  trees,  which  exifts  beneath  the  bark  both  of 
the  trunk  and  roots  of  them,  contains  the  nutritious  matter  depolited 
by  the  mature  leaves  or  parent  buds  for  the  ufe  of  the  embryon  buds, 
appears  not  only  from  the  faccharine  liquor,  which  oozes  from  the 
wounds  made  in  the  vernal  months  through  the  bark  into  the  albur- 
num of  the  birch  and  maple,  betula  et  acer  ; but  alfo  from  the  fol- 
lowing experiment,  which  was  conduced  in  the  winter  before  the 
vernal  fap-juice  rifes. 

Part  of  a branch  of  an  oak-tree  in  January  was  cut  off,  and  divided 
carefully  into  three  parts,  the  bark,  the  alburnum,  and  the  heart. 
Thefe  were  ffiaved  or  rafped,  and  feparately  boiled  for  a time  in  wa- 
ter, and  then  fet  in  a warm  room  to  ferment  ; and  it  was  feen  that 
the  decoftion  of  the  alburnum  or  fap-wood  paffed  into  rapid  fermen- 
tation, and  became  at  length  acetous,  but  not  either  of  the  other, 
which  evinces  the  exigence  both  of  fugar  and  mucilage  in  the  albur- 
num during  the  winter  months  ; fince  a modern  French  chemift  has 
fhewn  by  experiments,  that  fugar  alone  will  not  pafs  into  the  vinous 
fermentation,  but  that  a mixture  of  mucilage  is  alfo  required;  and 
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from  this  experiment  it  may  be  concluded,  that  in  years  of  fcarcity 
the  fap-vvood  of  thofe  trees,  which  are  not  acrid  to  the  tafte,  might  af- 
ford nutriment  by  the  preparation  of  being,  rafped  to  powder,  and 
made  into  bread  by  a mixture  of  flour,  or  by  extracting  their  fugar 
and  mucilage  by  boiling  in  water,  as  mentioned  in  Zoonomia,  Part  III. 
Article  I.  2.  3.  6. 

Now  as  the  embryon  buds  of  deciduous  trees  of  this  climate  are 
formed  about  midfummer,  fecreted  by  the  generative  glands  in  the 
caudex  of  the  parent  leaf-bud,  and  are  fupplied  with  due  nou- 
rifhment  from  the  fame  fource,  not  having  yet  fhot  out  radicles  of 
their  own  from  the  lower  end  of  their  long  caudexes  into  the  earth, 
they  may  be  readily  tranfplanted  at  this  feafon  from  one  tree  to  ano- 
ther by  inoculation,  or  into  different  parts  of  the  fame  tree;  as  the 
new  caudex  of  the  young  bud  of  one  tree  will  readily  unite  with  the 
new  caudex  of  that  of  another  tree,  and  as  they  can  be  removed  en- 
tire during  the  early  lfate  of  their  growth  along  with  a part  of  the  bark 
onty,  as  fcarcely  any  alburnum  is  yet  formed  beneath  the  bark  of  the 
young  twig,  from  whence  the  bud  is  cut  or  torn. 

But  after  their  greater  maturity,  fo  that  many  buds  exift  on  one 
twig,  or  fcion,  and  are  already  furnifhed  with  radicles  paffing  down 
into  the  ground,  as  in  the  enfuing  fpring,  it  becomes  neceffary  to 
ingraft  them  by  cutting  off  a part  of  the  alburnum,  as  well  as  of  the 
bark  of  the  new  bud  ; and  to  apply  thefe  in  contaCt  with  the  bark 
and  alburnum  of  another  tree,  to  which  they  may  grow  by  inofcu- 
lation  of  veffels;  whence  it  appears  why  budding  or  inoculation  muft 
be  performed  foon  after  midfummer,  and  ingrafting  in  the  early 
fpring,  as  in  the  former  the  buds  continue  to  grow  by  the  junction 
of  the  caudex  or  bark  veffels  alone  with  thofe  of  the  tree  into  which 
they  are  inferted,  and  in  the  latter  by  the  inofculation  of  their  vef- 
fels with  thofe  of  the  bark  and  alburnum  of  the  tree,  to  which  they 
are  applied  and  bound. 
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The  inofculation  of  the  veflels  of  a bud  cut  out  of  one  tree  and  in- 
ferted  into  the  bark  and  alburnum  of  another,  as  in  the  ingraftment 
of  fcions,  is  exadlly  refembled  by  a fimilar  operation  on  animal  bo- 
dies, when  a tooth  is  taken  from  one  perfon  and  inferted  into  the  head 
of  another,  and  where  two  inflamed  parts  grow  together.  Thus  an 
experienced  anatomift  is  faid  to  have  cut  the  two  fpurs  from  a young 
cock,  and  applied  them  to  the  oppofite  fides  of  his  comb,  which  was 
previoufly  excoriated,  where  they  continued  to  grow  and  appeared 
like  horns  ; and  Talicotius,  whofe  book  lies  by  me,  ferioufly  aflerts, 
that  he  fucceeded  in  making  artificial  nofes  from  a part  of  the  fkin  of 
the  arm  of  his  patients,  and  has  publifhed  prints 'of  the  manner  of 
the  operation,  fo  ridiculed  by  the  author  of  Hudibras.  Cheirurgia 
Cafparis  Talicotii. 

The  growth  of  an  inoculated  bud  on  the  bark  of  another  tree, 
where  the  upper  part  of  the  caudex  of  the  inoculated  bud  joins  with 
the  lower  part  of  the  caudex  of  another  bud  belonging  to  the  flock, 
is  ftill  more  nicely  refembled  by  the  union  of  the  head  and  tail  part 
of  two  different  polypi  in  the  experiment  of  Blumenbach,  mention^* 
ed  in  Se<A.  VII.  3.  2.  of  this  work. 

8.  As  the  leaves  of  trees  become  expanded,  the  fap-juice  above  de~ 
fcribed  ceafes  to  flow,  and  the  bark  of  the  tree  then  adheres  to  the 
alburnum.  Afterwards  from  the  middle  of  June  to  the  middle  of 
Auguft,  as  Dr.  Bradley,  has  obferved,  there  feems  to  be  a paufe  in  ve- 
getation; at  which  time  the  new  buds  in  the  bofom  of  each  leaf  feem 
to  be  generated,  and  the  bark,  which  during  the  two  preceding 
months  adhered  to  the  wood,  now  eafily  feparates,  as  in  the  fpring, 
according  to  the  obfervation  of  Duhamel,  Vol.  II.  261 ; and  vegeta- 
tion, which  appeared  to  languifli  during  the  heats  of  midfummer, 
acquires  new  vigour  at  the  approach  of  autumn  like  that  of  fpring. 

This  circumftance,  which  feems  to  have  puzzled  many  naturalifls, 
is  to  be  explained  from  the  aflion  of  the  umbilical  veflels  of  the  new 
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buds,  which  begin  to  enlarge  as  foon  as  they  are  formed,  and  in  this 
climate  have  their  progrefs  flopped  by  the  cold  during  the  winter, 
and  the  moifture  which  exfudes  from  the  fides  of  thefe  veflels,  and 
is  extravafated  between  the  alburnum  and  the  bark,  caufes  an  eafy 
feparation  of  them  from  each  other.  * 

From  the  new  flow  of  fap  in  thefe  veflels  about  midfummer,  being 
probably  in  part  conveyed  to  the  leaves  by  the  rotrograde  adtion  of 
their  lymphatics  in  very  hot  weather,  the  honey-dew  feems  to  ori- 
ginate either  as  an  exfudation  from  the  leaf,  or  from  the  veflels  be- 
ing pundlured  by  the  aphis,  which  drinks  the  vegetable  chyle  in  fuch 
great  quantity  that  it  pafles  through  the  infedl  almofl  unchanged  ; 
fee  Sedt.  XIV.  i.  7.  and  3.  2 ; and  thus  caufes  the  fuffufion  of  honey 
on  the  leaves  below  them  for  a time  in  the  heat  of  fummer. 

Add  to  this  that  M.  Du  Hamel,  by  nicely  meafuring  fome  buds, 
found  that  they  were  gradually  enlarged  at  fome  times  during  the 
winter,  and  concludes  from  thence  that  the  fap-juice,  which  nourifhes 
them,  continues  to  flow,  though  (lowly,  in  the  milder  parts  of  the 
winter  days,  Vol.  II.  p.  262  ; and  adds,  that  it  mud  rife  continually 
during  the  winter  months  in  ever-green  trees,  otherwife  their  fo- 
liage would  wither ; and  alfo  in  deciduous  trees,  becaufe  the  branch 
of  an  ever-green  tree  will  grow  on  a deciduous  tree,  and  not  lofe  its 
leaves  in  the  winter,  as  the  lauro-cerafus  on  a cherry-tree,  and  an 
ever-green  oak  on  a common  oak. 

It  mull  neverthelels  beobferved,  that  as  the  umbilical  veflels  area 
part  of  the  new  bud,  as  the  ladteals  and  other  abforbents  are  a part  of 
the  chick  or  fetus,  the  perpetual  adlion  of  theie  umbilical  veflels 
muft  depend  on  the  bud  to  which  they  belong,  in  the  caudex  of  which, 
between  the  plumula  and  radicle,  the  brain  or  common  fenforium, 
and  the  confequent  vital  energy,  are  believed  to  reflde  ; and  that  whe- 
ther an  ingraftment  exifts  between  the  bud  and  the  umbilical  ab- 
forbent  veflels  or  not.  But  as  in  thofe  animals  which  have  a very 
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fmall  portion  of  brain  in  the  head  compared  with  that  in  the  fpine  of 
the  back,  as  in  eels,  fnakes,  worms,  butterflies,  if  the  head  be  cut  off, 
the  other  parts  will  continue  to  live  with  great  a&ivity  for  hours,  and 
even  days ; fo  it  happens  to  thefe  umbilical  abforbent  veffels,  which 
in  vine-ftumps,  and  many  herbaceous  plants,  will  continue  to  pour 
out  the  fap-juice  in  great  force  and  great  quantity  for  many  days  af- 
ter the  exfe&ion  of  the  whole  upper  part  of  the  plant. 

The  continuance  of  the  motion  of  thefe  umbilical  veffels  coniiftins; 
of  a fpiral  line,  which  are  believed  to  be  air-veffels  by  many  authors, 
is  mentioned  by  Malpighi ; who  afferts,  that  when  he  examined  them 
in  the  winter,  he  could  often  obferve  them  for  fome  time  to  continue 
their  vermicular  motion  fo  as  to  aftonifh  him.  See  Duhamel.  Phyf. 
des  arb.  Vol.  I.  p.  43. 

9.  The  umbilical  veffels  of  this  fe&ion,  like  the  abforbents  of  the 
preceding  one,  both  which  are  believed  to  confift  of  a fpiral  line,  as 
fhewn  in  Sed.  II.  7.  may  be  readily  feen  in  cutting  a vine-ffalk  ho- 
rizontally, as  they  at  firft  appear  full  of  fluid  ; but  in  a very  little  time, 
as  the  fluid  exhales  or  becomes  effufed,  a circular  area  of  round  holes 
appears  to  pafs  longitudinally  interior  in  fefped  to  the  bark;  which  I 
fuppofe  to  confift  both  of  the  umbilical  veffels,  which  bleed  during  the 
vernal  months,  and  of  the  other  radical,  cellular,  and  cutaneous  ab- 
forbents; the  latter  of  which  I fufped  to  be  exterior  to  the  former, 
and  to  refide  between  the  bark  and  the  umbilical  veffels,  though  both 
of  them  are  believed  to  conftitute  the  alburnum  of  the  plant. 

From  many  ingenious  obfervations  on  vegetables  monfieur  de  la 
Baiffe  draws  the  following  conclufions,  which  are  affented  to  by  M. 
Bonnet,  and  which  I (hall  here  tranfcribe,  as  they  fo  accurately  co- 
incide with  the  theory  above  delivered,  and  as  they  were  deduced 
from  different  experiments,  are  a confirmation  of  it.  He  fays, 
“ that  the  veffels  deftined  to  convey  nourifhment  to  plants  are  nei- 
ther in  the  pith,  nor  in  the  bark,  nor  between  the  bark  and  the  wood  ; 
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but  in  the  ligneous  fubftance  itfelf ; or,  to  fpeak  more  accurately,  that 
thofe  veflels  are  themfeives  the  woody  fibres  included  between  the 
pith  and  the  bark  of  plants,  which  have  their  origin  in  the  roots,  and 
extend  themfeives  to  every  part  of  the  plant.”  Bonnet  ufage  des 
feuilles,  p.  275. 


SECT, 


PLATE  III. 


PLATE  III. 


Is  copied  from  Malpighi  Appendix  de  ovo  Incubato,  Tom.  II.  Fig.  54,  and  repre- 
fents  the  chick  in  the  egg  on  the  fourteenth  day  of  incubation.  The  chick  rolled  up 
fwims  in  the  amnios  a a,  which  is  kept  moift  by  very  minute  veffels.  Round  this  is 
placed  the  yolk  b b,  to  which  adjoins  the  thicker  part  of  the  white.  The  whole  is  fur- 
rounded  with  chorion  d d d.  On  this  are  fpread  the  blood-veffels,  of  which  the  large 
one  e emerging  from  the  navel  of  the  chick,  and  generating  the  various  branches  fff, 
terminates  in  a capillary  network.  In  contaA  with  thefe  a redder  fet  of  veffels  paffes 
with  fimilar  ramifications.  Another  fet  of  veffels  g g arifes  from  the  navel,  which  are 
fmaller  ones,  and  are  propagated  amidft  the  ramification  of  f f.  The  lungs  are  white ; 
the  ftomach  full  of  milk,  or  of  coagulated  albumen  or  white ; and  the  inteftines  hang 
out  from  the  navel. 

As  two  fets  of  blood-veffels  terminate  on  the  chorion,  and  as  one  branch  of  the  larger 
fet  carries  redder  blood,  and  as  the  lungs  are  ftill  white  ; it  feems  evident,  that  this  larger 
fet  of  veffels  refemble  the  placental  arteries  and  vein  of  viviparous  animals,  and  that  the 
blood  receives  its  red  colour  by  acquiring  oxygen  from  the  air  included  between  the  exter- 
nal moift  membrane  and  the  fhell  of  the  egg  ; which  air  at  firft  is  feen  only  at  the  broad 
end,  but  afterwards  extends  from  .thence  to  the  equator  of  the  egg,  and  probably  paffes 
through  the  other  end  of  the  fhell  to  that  part  of  the  internal  membrane,  which  adheires 
to  it.  See  an  analogous  plate  in  Fabricius  ab  Aquapendente,  Tom.  I.  Fig.  13.  See 
alfo  Seft.  III.  1.  4.  and  III.  2.  6.  of  this  work. 
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SECT.  IV. 

THE  PULMONARY  ARTERIES  AND  VEINS  OF  VEGETABLES. 

I.  1.  Leaves  not  perspiratory  organs,  nor  excretory  nor  nutritious  organs,  nor  eledric  - 
nor  luminous  ones.  1.  Vital  air  in  the  atmofphere,  in  water.  Lungs  of  aerial 
animals ; gills  of  aquatic  ones.  3.  Leaves  are  the  lungs  of  vegetables.  Arteries 
and  veins  vifible  in  a leaf  of  fpurge  and  picris  coloured  by  madder , and  in  bloody 
dock.  4.  Upper  furface  only  of  the  leaf  refpires , and  repels  moifturey  and  dies  if 
fmeared  with  oily  and  exhales  much  lefs  than  the  under  one.  II.  1.  Aquatic  leaves 
are  like  the  gills  of  fijh ; have  larger  furfaceSy  as  the  uncombined  oxygen  in  water  is 
lefs  than  in  ait ; are  divided  like  the  leaves  on  high  mountains.  1.  Are  furnijhed 
with  numerous  points  like  gills  of  fijh.  3.  Which  fet  at  liberty  oxygen  from  fome 
waters.  III.  1.  Root-leaves  of  many  plants  differ  from ftem-leaves.  1.  As  they 
produce  only  buds.  3.  They  differ  as  common  leaves  from  floral  leaves.  4,  And 
arife  fcmetimes  from  the  cotyledons.  IV.  1.  Floral  leaves  or  br aides  are  refpi- 
ratory  organs  to  the  calyx  and  pericarp.  1.  In  fome  plants  they  do  not  appear 
till  the  corol  drops  off.  3.  Recapitulation.  Leaves  die  in  the  exhaufled  receiver . 
V.  1.  The  corol  is  a pulmonary  organ ; its  colours.  2.  Its  vafcular  texture , 
its  glands.  Some  flowers  have  no  br aides.  The  corol  is  not  for  defence.  The 
corol  of  helleborus  niger  changes  to  a calyx.  3.  Corol  of  colchicum  and  crocus  fall 
off  before  the  br  aides  appear.  Vines  bear  alternate  flowers  and  leaves.  Fruit  de- 
prived of  green  leaves.  4,  Vegetable  uterus  requires  the  br  aides.  Flowers  enlarged 
by  deftroying  the  green  leaves.  5.  Plant s do  not  refpire  in  their  fleep.  6.  Con- 
cluflon.  The  anthers  and  ftigmas  are  feparate  vegetable  beings ; live  on  honey  and 
acquire  greater  irritability , and  amatorial  fenfibility. 

I.  1.  There  have  been  various  opinions  concerning  the  ufe  of  the 
leaves  of  plants  in  the  vegetable  economy.  Some  have  contended,  that 
they  are  perfpiratory  organs.  This  does  not  appear  probable  from  ail 
experiment  of  Dr.  Hales,  Veg.  Stat.  p.  30.  He  found,  by  cutting  off 
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branches  of  trees  with  apples  on  them,  and  caking  off  the  leaves,  that 
an  apple  exhaled  about  as  much  as  two  leaves,  the  furfaces  of  which 
were  nearly  equal  to  that  of  the  apple  ; whence  it  would  appear,  that 
apples  have  as  good  a claim  to  be  termed  perfpiratory  organs  as 
leaves. 

Others  have  believed  them  the  excretory  organs  of  excrementi- 
tious  juices ; but  as  the  vapour  exhaled  from  vegetables  has  no  tafte, 
this  idea  is  no  more  probable  than  the  other.  Add  to  this,  that  in 
moift  weather  they  do  not  appear  to  perfpire  or  exhale  at  all,  as  (hewn 
by  fome  ftatical  experiments  of  Dr.  Hales,  like  thofe  of  San<ftorius 
on  the  perfpiration  of  the  human  body  ; which  perfpiration  has  alfo 
been  fuppofed  to  be  an  excrement,  which  is  (hewn  to  be  an  erroneous 
opinion  ; and  that  its  defign  is  (imply  to  preferve  the  (kin  fupple, 
like  the  tears  diffufed  on  the  eye-ball  to  preferve  its  tranfparency,  as 
explained  in  Zoonomia,  Vol.  II.  Clafs  I.  i,  2.  14. 

Others  have  believed  that  vegetables  abforb  much  nutriment  by 
their  leaves,  and  quote  an  experiment  of  Dr.  Prieftley’s,  who  found 
plants  placed  in  water  under  glades  grew  much  fafter,  when  the  air,,  in 
which  they  grew,  was  occafionally  impregnated  with  putrid  exhala- 
tions. But  there  is  another  experiment  of  Dr.  Prieftley’s,  which 
(hould  be  mentioned,  and  that  is,  that  he  agitated  one  part  of  a vedel 
of  water  beneath  a glafs  filled  with  putrid  exhalation,  and  the  whole 
of  the  water  prefently  became  very  fetid.  Hence  we  may  conclude, 
that  in  the  firft  cafe  the  water,  in  which  the  vegetable  grew,  abfcrbed 
the  putrid  exhalations  from  the  air  over  it,  and  that  thefe  were  again 
abforbed  from  the  water  by  the  roots  of  vegetables,  which  correfpond 
to  the  la<fteals  of  the  ftomach  and  inteftines  of  animals  ; and  that  they 
thus  received  nourilhment  from  the  putrid  vapours,  and  not  by  their 
leaves,  which  we  (hall  endeavour  to  (hew  to  be  fimply  refpiratory 
organs. 

Other  philofophers  have  conceived,  that  the  leaves  of  plants  acquire 
ele&ricity  from  the  air.  In  anfvver  to  thefe  it  may  be  obferved,  that 
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no  eledricity  is  fliewn  by  experiments  to  defcend  through  the  Hems 
of  trees,  except  in  thunder  (forms ; and  that  if  the  final  caufe  of  ve- 
getable leaves  had  been  to  condud  eledricity  from  the  air,  they  ought 
to  have  been  gilded  leaves  with  metallic  Hems. 

Others  again  have  fuppofed  that  the  leaves  of  plants  acquire  a 
phlogiftic  material  from  the  fun’s  light,  whence  it  was  believed  that 
on  this  account  they  turn  their  upper  furfaces  to  the  fun.  But  though 
light  is  more  or  lefs  attraded  by  all  opake  bodies,  yet  if  the  final 
caufe  of  vegetable  leaves  had  been  to  abforb  light,  they  ought  to  have 
been  black  and  not  green  ; as  by  Dr.  Franklin’s  experiment,  who  laid 
Ihreds  of  various  colours  on  fnow  in  the  fun-Ihine,  the  black  funk 
much  deeper  than  any  other  colour,  and  confequently  abforbed  much 
more  light.  The  ufe  of  light  in  vegetable  refpiration  will  be  treated 
of  in  Sed.  XIII. 

2.  The  air  of  our  atmofphere  has  been  (hewn  by  the  experiments 
of  Priefiley,  Cavendiffi,  and  Lavoifier,  to  confift  of  twenty-feven 
parts  of  refpirable  air,  called  oxygene  gas,  with  feventy-three  parts  of 
unrefpirable  air,  termed  azotic  gas,  which  are  mixed  together,  not 
chemically  combined  ; whereas  water  confifts  of  eighty-five  hun- 
dreth  parts  of  oxygen  to  fifteen  of  hydrogen,  which  exifl  in  their 
(late  of  combination,  and  are  not  therefore  fit  for  refpiration.  But  in 
water  a confiderable  quantity  of  common  air  is  alfo  diflolved,  which 
efcapes  on  boiling ; and  even  pure  vital  air  was  difcovered  in  the 
water  of  fome  fprings  by  fir  Benj.Thomfon,  when  it  was  expofed  to 
the  fun’s  light.  Philofoph.  Tranfad.  The  former  of  thefe  fluids  is 
thus  adapted  to  the  refpiration  of  aerial  animals,  and  the  latter  to 
that  of  aquatic  ones  ; and  the  analogy  between  the  aerial  and  aquatic 
leaves  of  vegetables  and  the  lungs  and  gills  of  animals  embraces  fo 
many  circumftances,  that  we  can  fcarcely  withhold  our  aflent  to 
their  performing  fimilar  offices. 

The  internal  furface  of  the  air-veflels  of  the  lungs  of  men  are  faid 
to  be  equal  to  the  external  furface  of  the  whole  body,  or  about  fif- 
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teen  fquare  feet.  On  this  furface  the  blood  is  expofed  to  the  influ- 
ence of  the  refpired  air,  through  the  medium  of  a thin  moift  pel- 
licle. By  this  expofure  to  the  air  it  has  its  colour  changed  from  deep 
red  to  bright  fcarlet,  and  acquires  fomething  fo  necefiary  to  the  ex- 
igence of  life,  that  we  can  live  fcarcely  a minute  without  this  won- 
derful procefs. 

In  aquatic  animals,  as  fifh,  the  blood  is  expofed  to  the  air,  which  is 
diffufed  in  the  water  by  the  gills ; the  furface  of  which  is  probably 
greater  in  proportion  to  the  external  furface  of  their  bodies,  than  that 
of  the  air-veffels  of  the  lungs  of  aerial  animals  to  their  external  fur- 
faces.  Through  thefe  gills,  or  aquatic  lungs,  a current  of  water  is 
made  perpetually  to  pafs  by  the  gaping  of  the  fifh,  as  it  moves,  like 
the  air  in  refpiration ; and  from  this  water  it  is  probable  the  fame 
material  is  acquired  by  the  gills  of  fifh  as  from  the  air  by  the  lungs 
of  aerial  animals. 

3.  The  great  furface  of  the  leaves  compared  to  that  of  the  trunk 
and  branches  of  trees  is  fuch,  that  it  would  feem  to  be  an  organ  well 
adapted  for  the  purpofe  of  expofing  the  vegetable  juices  to  the  influ- 
ence of  the  air.  This  however  we  fhall  fee  afterwards  is  probably 
performed  only  by  their  upper  furfaces,  which  are  expofed  to  the  light 
as  well  as  air,  and  on  that  account  acquire  greater  oxygenation,  as 
will  be  fhewn  hereafter : yet  even  in  this  cafe  the  upper  furfaces  of 
the  leaves  muft  bear  a greater  proportion  to  the  furface  of  the  bark  of 
the  tree  than  that  of  the  air-cells  of  the  lungs  of  animals  to  their  ex- 
ternal furfaces. 

Aerial  or  aquatic  animals,  by  their  mufcular  exertions,  produce  a 
current  of  air  or  water  reciprocally  to  and  from  their  lungs,  and  can 
occafionally  change  the  place,  where  they  refpire,  when  the  air  or  wa- 
ter becomes  vitiated.  But  as  vegetables  have  but  little  mufcular 
power  to  move  their  leaves,  except  in  a few  inftances ; and  as  the  air 
or  water  is  frequently  nearly  Rationary,  where  they  exift,  it  feems  to 
have  been  neceffary  to  expofe  their  fluids  to  the  air  or  water  on  a 
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greater  expanfe  of  furfacethaii  in  the  lungs  or  gills  of  animals,  which 
well  accounts  for  the  exuberant  extent  of  their  foliage. 

In  the  lungs  of  animals  the  blood,  after  having  been  expofed  to 
the  air  in  the  extremities  of  the  pulmonary  artery,  is  changed  in  co- 
lour from  deep  red  to  bright  fcarlet,  and  is  then  colle&ed  and  returned 
by  the  pulmonary  vein.  So  in  the  leaves  of  plants  the  vegetable 
blood  is  rendered  yellow  in  fome  plants,  as  in  celandine,  chehdo- 
nium  ; white  in  others,  as  in  fig-leaves,  ficus ; and  in  fpurge,  eu- 
phorbia ; and  red  in  others,  as  in  red  beets,  beta.  And  the  ftrudture 
of  the  leaf,  as  confiding  of  arteries  and  veins  to  expofe  the  vegetable 
blood  to  the  influence  of  the  air,  and  to  return  it  to  the  caudex  of 
the  bud. at  the  foot-ftalk  of  the  leaf,  beautifully  became  vifible  by  the 
following  experiment. 

A ftalk  with  the  leaves  and  feed-veflels  of  large  fpurge  (euphorbia 
heliofcopia)  in  June  1791,  had  been  feveral  days  placed  in  a decoc- 
tion of  madder,  (rubia  tindloria)  fo  that  the  lower  part  of  the  ftem 
and  two  of  the  inferior  leaves  were  immerfed  in  it.  After  having: 
wafhed  the  immerfed  leaves  in  much  clean  water,  I could  readily 
difeern  the  colour  of  the  madder  pafling  along  the  middle  rib  of  each 
leaf.  This  red  artery  was  beautifully  vifible  both  in  the  under  and 
upper  furface  of  the  leaf ; but  on  the  upper  fide  many  red  branches 
were  feen  going  from  it  to  the  extremities  of  the  leaf,  which  on  the 
other  fide  were  not  vifible  except  by  looking  through  it  againfl:  the 
light.  On  this  under  fide  a fyftem  of  branching  veflels  carrying  a 
pale  milky  fluid,  were  feen  coming  from  the  extremities  of  the  leaf, 
and  covering  the  whole  underfide  of  it,  and  joining  into  two  large 
veins,  one  on  each  fide  of  the  red  artery  in  the  middle  rib  of  the  leaf, 
and  along  with  it  defeending  to  the  foot-ftalk  or  petiole.  On  flitting 
one  of  thefe  leaves  with  feiflars,  and  having  a common  magnifying 
lens  ready,  the  milky  blood  was  feen  oozing  out  of  the  returning 
vein  on  each  fide  of  the  red  artery  in  the  middle  rib,  but  none  of  the 
red  fluid  from  the  artery. 
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All  thefe  appearances  were  more  eafily  feen  ii>  a leaf  of  picris  treated 
in  the  fame  manner ; for  in  this  milky  plant  the  flems  and  middle- 
rib  of  the  leaves  are  fometimes  naturally  coloured  reddilh,  and  hence 
the  colour  of  the  madder  feemed  to  pafs  further  into  the  ramifications 
of  their  leaf-arteries,  and  was  there  beautifully  vifible  with  the  re- 
turning branches  of  milky  veins  on  each  fide. 

In  a plant  which  was  fent  to  me  under  the  name  of  fenecio  bicolor, 
but  which  I have  not  yet  feen  in  flower,  the  upper  furface  of  the 
leaf  is  green  like  mod  other  leaves,  but  during  the  vernal  months 
the  under  furface  is  of  a deep  red,  whence  I conclude  that  the  vege- 
table blood  acquires  the  red  colour  in  the  terminations  of  the  pulmo- 
nary artery  in  the  upper  furfaces  of  the  leaves,  which  becomes  vifible 
as  it  paiTes  in  the  large  veins  on  the  inferior  furface.  In  the  fame 
manner  the  red  colour  of  the  blood  is  moft  vifible  in  the  large  veins 
beneath  the  leaf  of  the  red  veined  dock,  rumex  fanguinea. 

4.  From  thefe  experiments  the  upper  furface  of  the  leaf  appeared  to 
be  the  immediate  organ  of  refpiration,  becaufe  the  coloured  fluid  was 
carried  to  the  extremities  of  the  leaf  by  velTels  moft  confpicuous  on 
the  upper  furface,  and  there  changed  into  a milky  fluid,  which  is 
the  blood  of  the  plant,  and  then  returned  by  concomitant  veins  on 
the  under  furface,  which  were  feen  to  ooze  when  divided  with  fcif- 
fars,  and  which  in  picris  particularly  rendered  the  under  furface  of 
the  leaves  greatly  whiter  than  the  upper  one. 

As  the  upper  furface  of  leaves  conftitutes  the  organ  of  refpiration, 
on  which  the  vegetable  blood  is  expofed  in  the  terminations  of  arteries 
beneath  athinmoift  pellicle  to  theadtion  of  theatmofphere,  thefe  furfaces 
in  many  plants  ftrongly  repel  moifture,  as  cabbage-leaves,  whence  the 
particles  of  rain  lying  over  their  furfaces  without  touching  them,  as 
obferved  by  Mr.  Melville,  (Eflays  Literary  and  Philof.  Edinb.)  have 
the  appearance  of  globules  of  quick -filver.  And  hence  leaves  laid 
with  their  upper  furfaces  on  water  wither  as  foon  as  in  the  dry  air, 
but  continue  green  many  days  if  placed  with  their  under  furfaces  on 
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water,  as  appears  in  the  experiment  of  monfieur  Bonnet,  (Ufage  des 
Fevilles)  ; hence  fome  aquatic  plants,  as  the  water-lily  (nymphsea) 
have  the  lower  tides  of  their  leaves  floating  on  the  water,  while  the 
upper  furfaces  remain  dry  in  the  air. 

This  repulfion  of  the  upper  furfaces  of  the  leaves  of  aerial  plants 
to  water  bears  fome  analogy  to  the  renitency  of  the  larinx  to  the  ad- 
miffion  of  water  into  the  lungs  of  animals  ; for  if  a tingle  drop  ac~ 
cidentally  falls  into  the  windpipe,  a convultive  cough  is  induced  till  it 
is  regurgitated.  For  the  fame  reafon  feveral  plants  clofe  together  the 
upper  furfaces  of  their  leaves  when  it  rains,  in  the  fame  manner  as 
in  their  fleep  during  the  night,  as  mimofa,  the  fenfitive  plant,  and 
the  young  thoots  of  chick-weed,  altine ; and  of  kidney-bean,  pha- 
feolus. 

As  thofe  infects  which  have  many  fpiracula,  or  breathing  apertures, 
as  wafps  and  flies,  are  immediately  fuffocated  by  pouring  oil  upon 
them,  in  the  year  1783  I carefully  covered  with  oil  the  furfaces  of 
feveral  leaves  of  phlomis,  of  Portugal  laurel,  and  balfams  ; and  though 
it  would  not  regularly  adhere,  I found  them  all  die  in  a day  or  two, 
which  (hews  another  flmilitude  between  the  lungs  of  animals  and  the 
leaves  of  vegetables. 

There  is  an  ingenious  experiment  of  M.  Bonnet,  (Ufage  des  feu- 
illes)  which  (hews  that  the  upper  furfaces  of  leaves  exhale  much  lefs 
than  their  under  furfaces.  He  put  the  flalks  of  many  leaves  frefli 
plucked  from  trees  or  herbaceous  plants  into  glafs  tubes  filled  with 
water  ; of  thefe  he  covered  with  oil  or  varnifh  the  upper  furface  of 
many  leaves,  and  the  under  furface  of  many  others,  and  uniformly 
obferved  by  the  water  finking  in  the  tubes  that  the  upper  furfaces 
exhaled  much  lefs  than  half  the  quantity  exhaled  by  the  under  fur- 
faces,  which  (hews  them  to  be  organs  defigned  for  different  pur- 
pofes. 

II.  1.  There  exifts  a ftrifft  analogy  between  the  leaves  of  aquatic 
plants,  which  are  conftantly  immerfed  beneath  the  water,  and  the  gills 
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of  aquatic  animals,  which  confifts  in  the  largenefs  of  their  furface, 
owing  to  their  hair-like  fubdivifions,  and  to  their  being  terminated 
with  innumerable  points.  The  gills  of  filh  confift  of  many  folds  of 
blood-vefl'els  lying  over  each  other,  each  refembling  a fringe,  or  the 
downy  part  on  one  lide  of  a feather  attached  to  the  middle  rib  of  it, 
by  which  means  they  expofe  a greater  furface  of  blood  to  the  water 
than  is  expofed  to  the  air  by  the  internal  membranes  of  the  air-cells 
of  the  lungs  of  other  animals  ; and  undoubtedly  for  this  final  caufe, 
becaufe  water  contains  lefs  oxygen  in  its  uncombined  ftate,  which  is 
the  material  necefiary  to  life,  than  air,  though  much  more  of  it  in  its 
combined  ftate,  as  water  confifts  of  eighty-five  parts  of  oxygen  to  fif- 
teen parts  of  hydrogen  ; but  it  is  the  uncombined  oxygen  only  dif- 
folved  in  heat,  and  diffufed  in  water,  which  can  ferve  the  purpofe  of 
animal  or  vegetable  refpiration. 

The  apparatus  for  this  purpofe,  according  to  Duverney’s  Anatomy 
of  a Carp,  is  truly  curious.  He  found  4386  bones  in  the  gills,  which 
had  fixty-nine  mufcles  to  give  them  their  due  motions.  See  Bo- 
mare’s  Didtionaire  raifonee,  Art  Poiflon.  And  Monro  obferved  by  the 
numerous  divifions  and  folds  of  the  membrane  of  the  gills,  that  their 
furface  in  a large  fkate  was  nearly  equal  to  the  furface  of  the  human 
body.  Phyfiol.  of  Filh,  p.  15.  He  adds  that  in  the  whole  gills  there 
exift  144,000  fubdivifions  or  folds,  and  that  the  whole  extent  of  this 
membrane  may  be  feen  by  a microfcope  to  be  covered  with  a net- 
work of  exceedingly  minute  veflels. 

2.  In  this  refpedt  the  gills  of  fifti  are  refembled  by  the  fubaquatic 
leaves  of  plants,  which  are  flit  into  long  wires  terminated  in  points,  as 
in  trapa,  oenanthe,  hottonia,  the  water-violet,  and  the  water-ranun- 
culus. This  lafl:  plant,  and  fome  others,  have  frequently  fome 
leaves  eredt  in  the  air,  and  others  immerfed  in  water,  arifing  from 
the  fame  ftem  ; and  it  is  curious  to  obferve  that  the  aerial  leaves  are 
nearly  entire,  or  divided  only  into  a few  lobes ; whilfl:  the  aquatic 
leaves  are  flit  into  innumerable  branches  like  a fringe,  and  have  thus 
5 their 
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their  furfaces  wonderfully  enlarged  for  the  purpofe  of  acquiring  un- 
combrned  oxygen  from  the  air,  which  is  difFufed  in  the  water,  and 
which  abounds  fo  much  lefs  there  than  in  the  atmofphere  ; for  the 
fame  purpofe  the  plants  on  the  fummits  of  high  mountains,  where 
the  air  is  fo  much  rarer,  and  confequently  abounds  lefs  with  oxygen, 
have  their  leaves  much  more  divided  than  in  the  plains,  as  pjmpinella, 
petrofelinum,  and  others,  that  they  may  expofe  a more  extenfive  fur- 
face  of  veffels  to  the  influence  of  the  thinner  atmofphere. 

3.  This  great  enlargement  of  the  furface  by  fo  minute  a divifion 
does  not  however  feem  to  be  the  only  ufe  of  this  uniform  ftrudure 
of  gills  and  aquatic  leaves  ; but  there  is  another  very  important  one, 
which  hath  hitherto  I believe  efcaped  the  notice  of  philofophers  ; and 
that  is  that  points  and  edges  contribute  much  to  the  feparation  of  the 
air,  which  is  mechanically  mixed  or  chemically  diflolved  in  water,  a$ 
appears  on  immerfing  a dry  hairy  leaf  into  water  frefh  from  a pump, 
on  which  innumerable  globules  of  air,  like  quick-filver,  appear  on 
almoft  every  point.  Nor  is  it  improbable  that  points  immerfed  in  wa- 
ter may  in  a bright  day  contribute  to  decompofe  it,  or  certainly  to  fet 
at  liberty  its  fuperabundant  oxygene,  as  occurs  in  the  perfpiration  of 
leaves  when  expofed  to  the  funfhine,  and  to  the  green  matter  in  the 
experiments  of  Dr.  Prieftley,  which  is  probably  owing  to  the  fine 
points  of  both  of  them  ; and  daftly,  when  points  of  filk  are  immerfed 
in  fpring  water,  which  is  frequently  hyperoxygenated,  as  in  the  ex- 
periments of  Count  Rumford,  related  in  the  Philof.  Tran  fact.  See 
Sed.  XIII.  I.  5. 

III.  1.  The  root-leaves  of  many  perennial  plants,  which  do  not 
produce  flowers  in  the  firft  year  from  the  feed,  are  different  from  thofe 
of  future  years,  as  in  the  rheum  palmatum,  palmated  rhubarb,  the 
leaves  are  fmall  and  nearly  circular,  and  not  divided  into  fingers  till 
the  fecond  year ; and  in  tulip  the  leaf  the  firft  year  from  the  feed  i£ 
fmall  like  a blade  of  grafs,  rifing  from  a diminutive  bulb.  In  other 
perennial  plants  the  root-leaf  is  undivided,  but  at  the  fame  time  larger 
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than  thofe  on  the  rifing  Item,  as  in  geum,  averns ; in  fenecio  aureus, 
and  the  campanula  rotundifolia,  fo  named  from  the  round  form  of  the 
root-leaf,  which  is  alfo  much  broader  than  thofe  on  the  Item,  as  well 
as  undivided.  The  root -leaves  of  many  biennial,  and  of  fome  annual 
plants,  are  likewife  larger,  as  well  as  of  a different  form  from  thofe 
on  the  rifing  flower- Hem,  as  in  turneps  and  carrots.  And  laftly,  the 
root-leaves  of  fome  plants,  which  rife  immediately  from  feeds,  con- 
filt  of  the  cotyledons  of  the  feed,  and  are  thus  different  from  the 
leaves  above  them. 

2.  In  refpedt  to  the  root-leaves  of  palmated  rhubarb  and  of  tulips, 
when  thefe  plants  are  raifed  immediately  from  feed,  as  thefe  firlt 
plants  are  not  defigned  to  generate  flowers  and  confequent  feeds, 
but  to  produce  Amply  another  plant  like  a leaf-bud  of  a tree,  lefs 
oxygenation  feems  to  have  been  neceflary,  and  the  leaves  therefore 
require  lefs  furface,  and  are  in  confequence  undivided.  In  refpedt 
to  the  root-leaves  of  geum,  and  of  campanula  rotundifolia,  which 
are  larger  than  their  Item-leaves,  it  is  probable  that  they  lay  up  a 
refervoir  of  nutritious  matter  for  the  rifing  Item,  like  thofe  of  tur- 
neps and  carrots,  and  thus  require  greater  oxygenation,  and  in  con- 
fequence a greater  furface. 

3.  Another  difference  of  root-leaves  from  thofe  of  the  Item  in  annual 
plants  often  confifts  in  the  latter  being  properly  bradtes  or  floral- 
leaves,  which  will  be  fpoken  of  below,  while  the  root-leaf  refembles 
thofe  belonging  to  the  leaf-buds  of  trees.  Thus  in  the  riflng  Item 
of  wheat  the  root-leaf  produces  the  firft  joint  above  the  foil,  and  the 
fecond  and  third  leaf  produce  joint  above  joint,  which  are  each  a fe- 
parate  bud  rifing  on  that  below  it,  as  is  feen  by  the  divifion  of  the 
pith  or  hollow  part  of  one  joint  from  another,  and  at  length  the  up- 
permolt  leaf  is  a bradte  or  floral-leaf  belonging  to  the  ear. 

4.  And  laftly,  the  feed-leaves  which  rife  out  of  the  ground  with 
the  firft  joint  of  the  flower-item,  as  in  kidney-bean,  phafeolus,  as 
they  confilt  of  the  placental  artery,  which  was  fpread  on  the  cotyle- 
dons 
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dons  of  the  feed,  and,  now  rifing  out  of  the  earth,  when  the  nu- 
tritive part  has  been  diffolved  in  the  terrein  moifture  and  abforbed, 
they  ferve  the  office  of  an  aerial  pulmonary  organ,  or  lungs,  which 
before  ferved  that  of  an  aquatic  one,  or  gills  ; but  wither  and  fall  off 
as  the  true  leaves  become  expanded. 

IV.  1.  The  common  foliage  of  deciduous  plants  conffitutes  the 
organ  of  refpiration  already  fpoken  of,  which  belongs  to  the  leaf-buds 
during  the  fummer  months,  and  drops  off  in  the  autumn,  when  thofe 
buds  perifh  by  the  cold,  or  by  the  natural  termination  of  their  exis- 
tence. But  there  is  another  kind  of  foliage  diffimilar  to  the  former, 
confifting  of  braCtes  or  floral-leaves,  which  Supply  an  organ  of  ref- 
piration to  the  calyx  and  pericarp  of  the  flower-bud.  Thefe  frequently 
differ  in  fize,  form,  and  colour  from  the  other  leaves  of  the  plant,  and 
are  fituated  on  the  flower-ftalk  often  So  near  the  fructification  as  to  be 
confounded  with  the  calyx.  In  Some  plants  there  are  two  Sets  of  floral- 
leaves,  or  braCtes,  one  at  the  foot  of  the  umbel,  and  another  beneath 
each  diftinCt  floret  of  it ; and  in  others  they  appear  in  a tuft  above 
the  flower,  as  well  as  on  the  {talk  beneath  it,  as  in  fritillaria  impe- 
rialis,  crown  imperial ; and  in  others  they  are  So  fmall  as  to  be  termed 
ffipulae  or  props. 

All  thefe  kinds  of  braCtes,  or  floral-leaves,  ferve  the  office  of  lungs 
for  the  purpofe  of  expofing  the  vegetable  blood  to  the  influence  of 
the  air,  and  of  preparing  it  for  the  Secretion,  or  production  and  nou- 
rishment of  the  vegetable  uterus,  or  pericarp,  and  of  the  feeds'  pro- 
duced and  retained  in  it,  frequently  before  their  impregnation,  and  al- 
ways after  it. 

2.  It  muff  be  obferved  that  in  many  plants  thefe  floral-leaves,  or 
braCtes,  do  not  appear  till  after  the  coroi  and  neCtaries,  with  the  anthers 
and  ftigmas,  drop  off ; that  is,  not  till  after  the  Seed  is  impregnated, 
as  in  colchicum  autumnale,  crocus,  hamamelis,  and  in  fome  fruit- 
trees.  The  production  of  the  vegetable  uterus,  or  pericarp,  with  the 
unimpregnated  feeds  included  in  it,  is  in  thefe  plants  accomplifhed  or 
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evolved,  like  the  braCtes  themfelves  with  the  coroland  fexual  organs, 
by  the  fap-juice,  forced  up  in  the  umbilical  vefiels  from  lome  previ- 
oufly  prepared  refervoir,  without  the  neceffity  of  any  expolition  to 
the  air  in  leaves  or  lungs,  which  are  not  yet  formed,  though  it  may 
acquire  oxygenation  in  the  fine  arteries  of  the  embryon  buds,  which 
are  fuppofed  to  fur  round  the  horizontal  air-veflels  oblerved  in  the 
bark  of  trees. 

As  foon  as  the  feeds  become  impregnated,  the  corol  and  neClaries 
with  the  fexual  organs  fall  off,  and  the  pericarp  and  its  contained 
feeds  are  then  nourilhed  by  the  blood,  which  is  aerated  or  oxygen- 
ated in  the  bra&es,  or  floral -leaves.  Thus  the  flower  of  the  colchi- 
cum  appears  in  autumn  without  any  green  leaves,  and  the  pericarp 
with  its  impregnated  feeds  rifes  out  of  the  ground  in  the  enfuing 
fpring  on  a ftem  furrounded  with  braCtes,  and  with  other  green  leaves 
below  them,  which  produce  new  bulbs  in  their  bofoms. 

The  blood,  which  thus  fupplies  nutriment  to  the  pericarp  and  its 
included  feeds,  does  not  feem  to  require  fo  much  oxygenation  as  that 
which  fupplies  nutriment  to  the  embryon  buds;  whence  the  floral 
leaves  are  in  general  much  lefs  than  the  root-leaves  in  many  plants, 
and  than  the  common  green  leaves  of  alrnofl:  all  vegetables.  And  in 
the  plant  mentioned  in  No.  I.  3.  of  this  fe&ion,  under  the  name  of 
fenecio  bicolor,  the  under  furfaces  of  the  (lem-leaves  near  the  ex- 
pected flower  ceafed  to  be  red  like  thofe  of  the  radical  leaves,  which 
feemed  to  (hew  that  the  vegetable  blood  was  in  them  lefs  oxygenated. 

Whence  it  may  be  believed  that  lefs  irritability  may  be  necelfary 
for  the  growth  of  the  feed  than  of  the  embryon  bud,  as  the  former 
does  not  yet  perhaps  polfefs  fo  much  vegetable  life  as  the  latter.  And 
laftly,  that  as  the  anthers  and  ftigma  require  greater  irritability,  and 
fome  fen  Ability,  it  was  neceflary  a fecond  time  to  oxygenate  the 
blood  which  fupplies  them  with  nutriment  in  thecorols  of  the  flowers. 
See  SeCl.  VII.  2.  4. 

3.  Recapitulation  of  the  arguments  tending  to  (hew  that  the  leaves 
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of  vegetables  are  their  lungs.  1.  They  confift  of  an  artery,  which 
carries  the  fap  to  the  extreme  furface  of  the  upper  fide  of  the  leaf, 
and  there  expofes  it  under  a thin  moift  pellicle  to  the  adtion  of  the  air ; 
and  of  veins,  which  there  collect  and  return  it  to  the  foot- (talk  of  the 
leaf,  like  the  pulmonary  fyftem  of  animals.  2.  In  this  organ  the 
pellucid  fap  is  changed  to  a coloured  blood,  like  the  chyle  in  paffing 
through  the  lungs  of  animals.  3.  The  leaves  of  aquatic  plants  are 
furnifhed  with  a larger  furface,  and  with  points  like  the  gills  of 
aquatic  animals.  4.  The  upper  fides  of  aerial  leaves  repel  moifture, 
like  the  larynx  of  animals.  5.  Leaves  are  killed  by  fmearing  them 
with  oil,  which  in  the  fame  manner  deftroys  infedts  by  flopping  their 
fpiracula,  or  the  air-holes  to  their  lungs.  6.  Leaves  have  mufcles 
appropriated  to  turn  them  to  the  light,  which  is  neceffary  to  their 
refpiration,  as  will  be  (hewn  in  the  Sedtion  on  Light.  7.  To  this 
may  be  added  an  experiment  of  Mr.  Papin  related  by  M.  Duhamel. 
He  put  an  intire  plant  into  the  exhaufted  receiver  of  an  air-pump, 
and  it  foon  perifhed  ; but  on  keeping  the  whole  plant  in  this  vacuum 
except  the  leaves,  which  were  expofed  to  the  air,  it  continued  to  live 
a long  time,  which  he  adds  is  a proof  that  the  leaves  are  the  organs 
of  refpiration.  Phyfic  des  arbres,  V.  I.  p.  169. 

V.  1.  The  organs  of  refpiration  already  defcribed  confifl  of  the 
green  leaves  belonging  to  leaf-buds,  and  of  the  bradtes  belonging  to 
flower-buds.  But  there  is  another  pulmonary  fyftem  totally  inde- 
pendent of  the  green  foliage,  which  belongs  to  the  fexual  or  amatorial 
parts  of  the  fru&ification  only,  I mean  the  corol  or  petals.  In  this 
there  is  an  artery  belonging  to  each  petal,  which  conveys  the  vegeta- 
ble blood  to  its  extremities,  expofing  it  to  the  light  and  air  under  a 
delicate  moift  membrane  covering  the  internal  furface  of  the  petal, 
where  it  often  changes  its  colour,  as  is  beautifully  feen  in  fome  party- 
coloured  poppies,  though  it  is  probable  that  fome  of  the  irridefcent 
colours  of  flowers  may  be  owing  to  the  different  degrees  of  tenuity 
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of  the  exterior  membrane  of  the  petal  refracting  the  light  like  foap- 
bubbles. 

The  vegetable  blood  is  then  collected  at  the  extremities  of  the 
corol-arteries,  and  returned  by  correipondent  veins  exa&ly  as  in  the 
green  foliage,  for  the  fuftenance  of  the  anthers  and  ftigmas,  and  for 
the  important  fecretions  of  honey,  wax,  eflential  oil,  and  the  prolific 
dull  of  the  anthers,  and  thus  conftitutes  a pulmonary  organ,  as  is 
fhewn  by  the  following  analogies. 

2.  Firft,  the  vafcular  ftruCture  of  the  corol,  as  above  defcribed,  and 
which  is  vifible  to  the  naked  eye  ; and  its  expofing  the  vegetable 
juices  to  the  air  and  light  during  the  day  evinces  that  it  is  a pulmonary 
organ. 

Secondly,  as  the  glands  which  produce  the  prolific  dull:  of  the  an- 
thers, the  honey,  wax,  and  frequently  fome  odiriferous  eflential  oil, 
are  generally  attached  to  the  corol,  and  always  fall  off  and  perifli  with 
it,  it  is  evident  that  the  blood  is  elaborated  or  oxygenated  in  this 
pulmonary  fyftem  for  the  purpofe  of  thefe  important  fecretions. 

Thirdly,  many  flowers,  as  the  colchicum  and  hamamelis,  arife 
naked  in  autumn,  no  green  leaves  appearing  till  the  enfuing  fpring; 
and  many  others  put  forth  their  flowers,  and  complete  their  impreg- 
nation early  in  the  fpring,  before  the  green  foliage  or  bra&es  appear, 
as  mezereon,  and  fome  fruit-trees,  which  (hews  that  thefe  corols  are 
the  lungs  belonging  to  thefe  parts  of  the  fru&ification. 

Fourthly,  this  organ  does  not  feem  to  have  been  neceflary  for  the 
defence  of  the  ftamens  and  piftils,  flnce  the  calyx  of  many  flowers,  as 
tragopogon,  performs  this  office  ; and  in  many  flowers  thefe  petals 
themfelves  are  fo  tender  as  to  require  being  ffiut  up  in  the  calyx  dur- 
ing the  night.  For  what  other  ufe  then  can  fuch  an  apparatus  of 
veflels  be  defigned  ? 

Fifthly,  in  the  helleborus  niger,  Chriflmas-rofe,  after  the  feeds  are 
grown  to  a certain  fize,  the  nectaries,  and  ftamens,  and  ftigmas,  drop 
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off,  and  the  beautiful  large  white  petals  change  their  colour  to  a deep 
gredii,  and  gradually  thus  become  a calyx,  inclofing  and  defending  the 
ripening  feeds  ; hence  it  would  feem  that  the  white  veflels  of  the 
corol  ferved  the  office  of  expofmg  the  blood  to  the  action  of  the  air, 
for  the  purpofes  of  ieparating  or  producing  the  honey,  wax,  and  pro- 
lific duft ; and  when  thefe  were  no  longer  wanted,  that  thefe  veffels 
coalefced,  like  the  umbilical  veffels  of  animals  after  their  birth,  and 
thus  ceafed  to  perform  that  office,  and  loft  at  the  fame  time  their 
whij:e  colour.  Why  fhould  they  lofe  their  white  colour  unlefs  they 
at  the  fame  time  loft  fome  other  property  befides  that  of  defending 
the  feed-veffel,  which  they  ftill  continue  to  defend  ? 

Sixthly,  neither  the  common  green  leaves  nor  the  brakes  are  ne- 
ceffary  to  the  progrefs  of  the  corol,  and  ftamens,  and  ftigma,  or  to 
the  fecretion  of  honey,  after  the  laft  year’s  leaves  are  fallen  off,  as  is 
evinced  by  the  flowers  of  colchicum  in  the  autumn,  and  of  crocus  in 
the  fpring,  in  both  which  the  feeds  rife  out  of  the  earth  with  their 
common  leaves  and  bradfes  fo  long  after  the  diiappearance  of  the 
flower.  In  deciduous  plants  the  common  green  leaves  ferve  as  lungs 
in  the  fummer  and  autumn  to  each  individual  bud,  which  then  pro- 
duces the  new  buds  in  its  bofom,  which  are  either  leaf-buds  or 
flower-buds.  In  the  enfuing  fpring  the  new  common  leaves  are 
the  refpiratory  organ  belonging  to  the  leaf-buds,  and  the  bracftes  are 
the  refpiratory  organ  to  the  pericarp,  and  its  included  feeds  before  or 
after  impregnation  ; and  the  corols,  as  foon  as  expanded,  become  the 
lungs  to  the  amatorial  parts  of  the  fructification,  and  require  neither 
the  green  leaves  nor  bradtes. 

3.  Hence  the  vine  bears  fruit  at  one  joint  without  leaves,  and 
leaves  at  the  other  joint  without  fruit.  Hence  the  flower  of  the  col- 
chicum rifes  out  of  the  ground  without  bradies  or  other  green  leaves, 
and  flourifhes  till  the  feed  is  impregnated;  and  the  bradtes,  which  rife 
out  of  the  ground  on  the  ftem  in  the  following  fpring,  are  lungs  to 
give  maturity  to  the  pericarp  and  feed  ; and  the  other  green  leaves  are 
1 for 
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for  the  purpofe  of  producing  new  bulbs  round  the  old  one,  but  can 
have  nothing  to  do  with  the  corol,  anthers,  ftigmas,  and  nedlaries, 
which  have  long  fince  fallen  off,  and  perifhed.  And  laftly,  when  cur- 
rant or  goofeberry  trees  lofe  their  common  green  leaves,  and  their 
bradles,  by  the  depredation  of  infedts  ; the  new  leaf-buds  become  fmali 
and  weak,  but  the  corol,  anthers,  ftigmas,  and  nedlaries,  continue  to 
flourifh,  and  the  fruit  becomes  impregnated,  though  it  is  lefs  fweet 
and  of  lefs  fize  from  the  pericarp  and  included  feed  wanting  their  due 
nutrition  by  the  bradles  before  or  after  impregnation. 

4.  It  hence  appears  that  the  flower-bud,  after  the  corol,  ftamens, 
ftigmas,  and  nedlaries  fall  off,  becomes  fimply  a vegetable  uterus, 
for  the  purpofe  of  fupplying  the  growing  embryons  with  nourifh- 
ment,  and  poflefles  a fyftem  of  abforbent  vefiels,  which  brings  the 
fap-juice  to  the  foot-ftalk  of  the  fruit,  and  which  there  changes  into 
a pulmonary  artery,  which  conftitutes  the  bradles  or  floral-leaves,  and 
expofes  the  acquired  juices  to  the  oxygenation  of  the  air,  and  con- 
verts them  into  vegetable  blood.  This  blood  is  colledled  again  by 
the  veins  of  the  bradles,  and  conveyed  by  an  adapted  or  aortal  artery 
for  the  various  fecretions  of  faccharine,  farinaceous,  or  acefcent  ma- 
terials, for  the  nourifhment  of  its  included  embryons,  or  the  con- 
ftrudtion  of  the  fruit  and  feed-lobes. 

At  the  fame  time,  as  perhaps  all  the  vefiels  of  trees  inofculate,  the 
fruit  may  become  fweeter  and  larger  when  the  green  leaves  as  well  as 
the  bradles  continue  on  the  tree;  but  the  corols  with  the  ftamens, 
ftigmas,  and  nedlaries,  (the  lucceeding  fruit  not  confidered)  fuffer,  I 
believe,  no  injury,  when  the  green- leaves  and  even  the  bradles  are 
taken  off,  as  by  the  depredations  of  infedls.  Some  florifts  have  ob- 
ferved  this  circumftance,  and  affirm  that  in  many  plants  when  the 
leaves  are  pulled  off,  the  flowers  become  ftronger  from  their  then 
producing  no  bulbs,  as  in  tulips  and  hyacinths.  The  inofculation  of 
vegetable  vefiels  is  evinced  by  the  increafed  growth  of  one  bud,  when 
others  in  its  vicinity  are  cut  away. 
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5.  The  deep  of  plants  has  been  much  fpoken  of  by  Linneus  and 
others,  but  there  is  a wonderful  circumdance  occurs  in  it,  which  has 
not  been  noticed  ; which  is,  that  it  feems  to  refemble  the  torpor  of 
winter-fleeping  infects  and  other  animals,  as  many  plants  do  not  ap- 
pear to  relpire  during  this  part  of  their  exigence  ; for  fome  vegeta- 
bles clofe  together  the  upper  furfaces  of  their  leaves,  both  during 
their  deep  and  in  rainy  weather,  as  mimofa,  lenfitive- plant ; pha- 
feolus,  kidney-bean  ; and  the  terminal  (hoots  of  alfine,  chickweed. 
Manv  other  plants  dole  their  petals  and  calyxes  during  their  deep  as 
well  as  in  rain,  as  convolvulus ; and  fome  even  in  the  bright  day- 
ligtit,  as  tragapogon  ; and  yet  all  thefe  plants  are  believed  by  gardeners 
to  grow,  when  young,  fader  in  the  night. 

We  mud  obferve,  that  thi^  deep  of  plants,  though  it  may  refemble 
the  torpor  of  winter-deeping  animals,  is  not  to  be  confounded  with 
the  date  of  deciduous  plants  in  the  winter,  as  that  conlids  in  the 
death  of  the  lad  year’s  bud,  and  the  embryon  condition  of  the  new 
buds.  It  would  hence  appear,  that  perpetual  refpiration  is  lefs  ne- 
ceflarv  to  the  vegetable  than  to  the  animal  world  ; and  that  as  lefs  is 
walled  during  the  ina&ive  date  of  deep,  it  is  poffible  that  young 
plants  may  increafe  in  weight,  or  grow  fader,  during  this  date  of 
inactivity,  as  animals  are  obferved  to  refpire  lefs  frequently  during 
their  deep,  and  yet  are  believed  when  young  to  grow  fader  during 
their  hours  of  red  than  of  exercife.  So  both  in  the  experiments  of 
Dr.  Hales  and  Dr.  Walker  on  plants  during  the  bleeding  feafon,  the 
afcent  of  the  lap-juice  not  only  dopped  during  the  night,  but  fome- 
times  became  retrograde,  which  might  neverthelefs  be  afcribed  to  the 
torpor  of  the  abforbent  fydem  induced  by  cold,  as  well  as  to  that  of 
deep. 

6.  We  may  draw  this  general  refult,  that  the  common  leaves  of 
trees  are  the  lungs  of  the  individual  vegetable  beings,  which  form 
during  the  dimmer  new  buds  in  their  bofoms,  whether  leaf-buds  or 
flower-buds,  and  which  in  refpect  to  the  deciduous  trees  of  this  cli- 
mate 
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mate  perifh  in  autumn  ; while  the  new  buds  remain  to  expand  in  the 
enfuing  fpring.  Secondly,  that  the  bradles,  or  floral-leaves,  are  the 
lungs  of  the  pericarp  or  uterus,  and  to  the  growing  feeds  which  it 
contains,  as  the  bradles  on  the  flem  of  the  crown-imperial,  fritil- 
laria  imperialis,  and  the  tuft  above  its  flowers.  And  thirdly,  that 
the  corol  or  petals  are  the  lungs  belonging  to  the  anthers  and  fligmas, 
which  are  the  fexual  or  amatorial  parts  of  the  plant,  and  to  the  nec- 
taries for  the  fecretion  of  honey,  and  to  the  other  glands  which  affords 
effential  oil  and  wax. 

Laftly,  the  flamina  and  fligma  with  the  petals  and  nedlary,  which 
conflitute  the  vegetable  males,  and  the  amatorial  part  of  the  female, 
as  they  in  fome  plants  appear  before  the  green  leaves  or  bradles,  as  in 
colchicum  and  mezereon,  and  in  all  plants  fall  off  when  the  female 
uterus  is  impregnated,  would  appear  to  be  diflindt  beings,  totally 
different  both  from  the  leaf-buds,  which  produce  a viviparous  pro- 
geny ; and  alfo  from  the  bradles  with  the  calyx  and  pericarp,  which 
conflitute  the  vegetable  uterus. 

They  muft  at  firfl  receive  nutriment  from  the  vernal  fap-juice,  like 
the  expanding  foliage  of  the  leaf-buds,  or  the  bradles  of  the  flower- 
buds.  But  when  the  corol  becomes  expanded,  and  conflitutes  a new 
pulmonary  organ,  the  vegetable  juices  are  expofed  to  the  air  in  the 
extremities  of  its  fine  arteries  beneath  a moifl  pellicle  for  the  purpofe 
of  greater  oxygenation,  and  for  the  important  fecretion  of  honey; 
and  then  the  anthers  and  fligmas  are  fupplied  with  this  more  nutri- 
tious food,  which  they  abforb  from  its  receptacle,  the  nedlary,  after 
it  has  there  been  expofed  to  the  air,  and  are  thus  furnifhed  with 
greater  irritability,  and  with  the  necelfary  amatorial  fenfibility,  and 
live  like  bees  and  butterflies  on  that  nutritious  fluid.  See  Sedl.  VII. 
II.  4. 
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SECT.  V. 

THE  AORTAL  ARTERIES  AND  VEINS  OP  VEGETABLES. 

y . Aortal  arteries  in  'vegetables  have  correfpondent  veins.  Shewn  by  experiment  on 
pier  is,  tragopogon , and  euphorbia.  Seen  in  the  calyx  of  flowers.  Circulation 
Jhewn  by  ingrafting  flriped-paflion-flower , and  jafmine , and  hardier  f cions  on  can- 
kered flems , from  fruit-grafts  on  bad  flocks  degenerating,  i.  Vegetable  circula- 
tion performed  without  a heart , as  in  the  aorta  and  liver  of  fijh.  3.  Force  of  the 
mouths  of  abj or  bents  greater  than  that  of  the  heart  in  producing  circulation.  Why 
there  is  no  pulfation  in  the  vena  port  arum.  Circulation  in  the  veins  of  animals 

produced  by  abforption.  Very  fmall  refiftance  in  the  capillaries  and  glands . 
Wounds  in  trees  ftrongly  abforb  fluids  except  in  the  bleeding  feafon.  4.  Vegetable 
vejfels  too  minute  to  carry  red  blood , hence  not  eaftly  injected  with  coloured  fluids . 
Charcoal  injected  with  quickfilver , or  melted  wax.  5.  Recapitulation.  Circula- 
tion performed  by  irritability  of  the  vejfels , and  by  the  great  power  of  abforption, 
and  the  ablion  of  the  fldes  of  vejfels  corfifling  of  a fpiral  line.  6.  Vejfels  unite  at 
the  lower  and  upper  caudex  gemma.  Abjorbents  and  umbilical  vejfels  confifl  of 
a fpiral  line.  Experiment  by  placing  euphorbium  firfl  in  a decoblion  of  galls , and 
then  in  a folution  of  green  vitriol.  Junction  of  great  vein , abforbent  trunk,  and 
pulmonary  artery  in  the  upper  caudex  gemma . Embry  on  bud feen  in  contact  with 
the  pith.  Experiments  with  charcoal  injebled  with  white  paint,  fuet,  wax,  and 
quickfilver . 

1.  The  two  principal  arteries  in  animal  bodies  are  the  pulmonary 
artery  and  the  aorta.  The  former  receives  the  blood  from  the  right 
cavity  of  the  heart,  and  difperfing  it  round  all  the  air-cells  which 
terminate  the  bronchia,  or  air-pipes  of  the  lungs,  expofes  it  to  the  in- 
fluence of  the  atmofphere  through  the  thin  moift  membrane,  which 
lines  them.  This  we  have  fhewn  in  Se£t  IV.  I.  3.  to  be  refembled 
in  its  office  by  the  vegetable  arteries,  which  carry  their  blood  up  the 
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foot-ftalks  of  the  leaves,  and  expofe  it  on  the  upper  furface  of  them 
to  the  influence  of  the  air  through  a thin  moift  pellicle,  where  it 
changes  its  colour,  and  returns  by  correfpondent  veins  like  the  blood 
of  animals. 

The  aortal  arteries  of  the  more  perfect  animals  receive  the  blood 
from  the  left  Icavity  of  the  heart,  after  it  has  been  expofed  to  the 
influence  of  the  air  in  the  lungs,  and  difperfe  it  by  numerous  rami- 
fications over  the  whole  body  for  the  purpofes  of  fecretion  and  nu- 
trition. In  lefs  perfect  animals  the  aorta  itfelf  has  a pulfation,  and 
carries  forward  the  blood  without  the  affifiance  of  a heart,  as  may  be 
feen  in  the  back  of  a full-grown  filk-worm  by  the  naked  eye,  and 
very  diftinttly  by  the  ufe  of  a common  lens.  After  the  blood  has 
pafled  the  various  glands  and  capillaries,  it  is  received  by  another  fyf- 
, tern  of  vefiels,  the  veins,  which  conftitute  a kind  of  relervoir  for  the 
quantity  of  blood,  that  remains  unexpended  by  the  fecretions,  ex- 
cretions, nutrition,  and  growth  of  the  animal ; by  thefe  it  is  again 
carried  to  the  right  cavity  of  the  heart,  and  again  expofed  in  the 
lungs  to  the  influence  of  the  air. 

In  a fimilar  manner  the  branching  veins,  which  bring  the  blood 
from  the  leaves  of  plants,  after  it  has  been  expofed  to  the  influence 
of  the  air,  unite  at  the  foot-ftalk  of  each  leaf  into  more  or  fewer 
trunks,  as  may  be  feen  in  tearing  off  the  foot-flalk  of  a leaf  of  a 
chefnut-tree  from  the  fiem  ; and  there  without  the  interposition  of  a 
heart,  like  the  circulation  in  the  aorta  of  fiffi,  and  that  in  the  livers 
of  red-blooded  animals,  thefe  venous  trunks  take  the  office  of  arte- 
ries, and  difperfe  the  blood  downwards  along  the  bark  to  the  roots, 
and  to  every  other  part  of  the  vegetable  fyftem,  performing  the  va- 
rious purpofes  of  fecretion,  excretion,  and  nutrition,  as  was  ffiewn 
in  the  experiment  of  placing  a fig-leaf  in  a decottion  of  madder, 
defcribed  in  'Sett.  IV.  i . 3.  of  this  work. 

But  as  vegetables  drink  up  their  adapted  nouriffiment  perpetually 
from  the  moift  earth,  and  in  confequence  muft  be  fuppofed  to  take 
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up  no  more  than  their  perpetual  wade  may  require,  I formerly  be- 
lieved, that  this  refervoir,  or  venous  fyftem,  was  not  necefiary  in  vege- 
tables ; and  that  therefore  probably  it  did  not  exift.  I was  induced  to 
adopt  this  idea  from  having  obferved  in  cutting  afunder  a ftera  of  large 
fpurge,  euphorbia  heliofcopia ; in  which  the  rifing  fap  could  not  be 
miftaken  for  the  milky  blood ; that  much  more  of  the  vegetable  blood 
flowed  from  the  upper  part  of  the  plant  than  from  the  lower  part  of 
it ; and  I therefore  fufpe&ed,  that  there  was  no  returning  veins  cor- 
refpondent  to  the  defending  aortal  arteries.  But  firfl:  this  muft  ne- 
ceflarily  occur  from  the  veins  returning  from  the  root  effufing  their 
blood  flower  than  the  arteries  of  the  upper  part  of  the  plant.  And 
fecondly,  if  there  were  no  returning  veins  from  the  lower  part  of 
the  plant,  there  ought  to  have  been  no  effufion  of  blood  from  it.  I 
have  fince  obferved  on  cutting  afunder  a large  plant  of  picris,  and  alfo 
a large  plant  of  tragopogon  fcorzonera,  and  inftantly  infpe&ing  them 
with  a common  lens  that  two  concentric  circles  of  veflels  were 
vifible,  which  oozed  a milky  juice  ; the  internal  circle  of  the  upper 
divifion  of  the  two  plants,  and  the  external  one  of  the  lower  divi- 
flon,  appeared  to  bleed  more  copioufly,  and  in  quicker  ftreams,  than 
the  external  circle  of  the  upper  divifion,  and  the  internal  one  of  the 
lower  divifion ; whence  I concluded,  that  the  veflels  of  the  internal 
circles  were  arteries,  and  thofe  of  the  external  ones  veins  ; and  that 
the  arteries  of  the  upper  part  of  the  plant,  which  arife  from  the  up- 
per part  of  the  caudex  of  each  individual  bud,  were  thus  feen  to  pour 
out  more  blood,  and  in  a quicker  ftream,  than  the  veins  of  the  lower 
part  ef  the  plant,  as  they  return  from  the  roots. 

Add  to  this,  that  as  the  pulmonary  arteries  in  the  green  leaves  of 
plants,  and  in  their  petals,  have  correfpondent  veins  vifible  to  the  eye ; 
and  that  thefe  are  alfo  feen  in  the  calyxes  of  fome  flowers,  which 
from  their  other  evident  ufes  can  not  be  efteemed  pulmonary  organs  : 
There  is  the  flridtefl:  analogy  to  believe,  that  the  aortal  arteries  of  the 
bark  of  the  trunk  and  roots  have  alfo  their  correfpondent  veins. 

I 2 Neverthelefs 
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Neverthelefs  to  evince  that  the  veffels  returning  from  the  roots 
of  plants,  which  oozed  out  a milky  juice,  were  in  reality  not  ab- 
forbent  veffels,  I cut  off  the  Idem  of  a large  fpurge  plant,  euphor- 
bia heliofcopia,  about  a foot  and  half  from  the  ground,  and  bent  it 
down  into  a cup  of  a decottion  of  madder,  rubia  tinttoria,  in  which  it 
was  confined  two  or  three  minutes  ; and  wiping  the  end  clean,  I pre- 
fently  cut  off  about  an  eighth  of  an  inch  of  it  with  a fharp  penknife, 
and  obferved  with  a common  lens  the  large  abforbent  veffels  to  be 
coloured  with  the  madder,  while  the  veins  continued  to  effufe  a little 
white  blood  ; and  thus  demonftrated  both  the  exigence  of  abforbent 
veffels  and  returning  veins.  See  Sett.  II.  2. 

At  the  fame  time  the  upper  part  of  the  plant  had  alfo  its  ftem  fet 
in  the  decottion  of  madder,  and  after  two  or  three  minutes  on  cutting 
off  about  the  eighth  of  an  inch  of  it,  or  fimply  by  wiping  the  extre- 
mity, the  large  abforbent  veffels  were  feen  by  the  naked  eye  to  be 
coloured  with  the  madder,  and  the  arteries  continued  to  effufe  a large 
quantity  of  milky  blood.  The  fame  experiments  were  tried  on  a plant 
of  tragopogon  with  the  fame  event. 

It  fhould  be  here  obferved,  that  the  decottion  of  madder  fhould 
be  frefh  made,  as  otherwife  the  colouring  matter  is  liable  to  form  it- 
felf  into  molecules,  too  large  to  be  imbibed  by  any  other  veffels  but 
the  trunks  of  the  abforbents,  which  may  be  faid  to  refemble  the  re- 
ceptaculum  chyli  of  animals,  as  they  pafs  from  the  lower  extremity 
of  the  caudex  of  each  bud  to  the  upper  one. 

A proof  of  the  circulation  of  the  juices  of  plants  has  been  deduced 
from  the  communication  of  white  fpots  from  a grafted  fcion  to  the 
whole  of  the  tree  in  which  it  was  ingrafted.  Mr.  Fairchild  budded 
a paffion-tree,  whofe  leaves  were  fpotted  with  yellow,  into  one  which 
bears  long  fruit.  The  buds  did  not  take,  neverthelefs  in  a fortnight 
yellow  fpots  began  to  fhew  themfelves  about  three  feet  above  the  in- 
oculation ; and  in  a fhort  time  afterwards  yellow  fpots  appeared  on 
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a (hoot,  which  came  out  of  the  ground  from  another  part  of  the  plant. 
Bradley  on  Gardening,  Vol.  II.  p.  129. 

And  Mr.  Lawrence  obferves,  that  the  yellow  flriped  jaflamine  has 
afforded  a demonffration  of  the  circulation  of  the  juices  in  a tree  ; he 
inoculated  in  Auguft  the  buds  of  ftriped  jaffamine-trees  into  the 
branches  of  plain  ones  ; and  afierts,  that  he  has  feveral  times  expe- 
rienced, that  if  the  bud  lives  but  two  or  three  months,  it  will  com- 
municate its  virtue  or  difeafe  to  the  whole  circumfluent  fap,  and  the 
tree  will  become  entirely  ftriped.  Art  of  Gardening,  p.  66.  Thefe 
are  both  of  them  important  fads,  as  they  are  related  from  refpedable 
authorities. 

And  I think  I have  myfelf  obferved  in  two  pear-trees  about  twenty 
years  old,  whofe  branches  were  much  injured  by  canker,  that  on  in- 
grafting hardier  pear-feions  on  their  fummits,  they  became  healthier 
trees,  which  can  only  be  explained  from  a better  fanguification  pro- 
duced in  the  leaves  of  the  new  buds. 

It  has  alfo  been  obferved  by  an  ingenious  lady,  that  though  fruit- 
trees  ingrafted  on  various  kinds  of  flocks  are  fuppofed  to  bear  flmilar 
fruit, yet  that  this  is  not  accurately  fo  ; as  on  fome  flocks  fhe  has  known 
the  ingrafted  feions  of  apple-trees  to  fuffer  confiderable  change  for  the 
worfe  compared  with  the  fruit  of  the  parent-tree;  whereas  thofe  feions, 
which  can  be  made  to  grow  by  ftriking  roots  into  the  earth,  fhe  be- 
lieves to  fuffer  no  deterioration.  If  this  really  occurs,  it  Ihould  be 
in  a very  flight  degree,  as  the  fruit  is  formed  by  the  adion  of  fecre- 
tion,  and  depends  on  the  glands  of  the  part  more  than  on  any  flight 
change  of  the  vegetable  blood,  from  which  the  fecretion  is  feleded  or 
produced.  Neverthelefs  if  the  fad  be  afeertained,  it  confirms  the 
truth  of  the  exiftence  of  a vegetable  circulation. 

2.  The  circulation  of  the  vegetable  juices  in  the  leaves  of  plants, 
and  in  their  trunks  and  roots,  is  performed  without  a heart,  and  is 
very  flmilar  to  that  in  the  aorta  oflflfh.  In  fifh  the  blood,  after  hav- 
ing pafled  through  their  gills,  does  hot  return  to  the  heart,  as  from 
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the  lungs  of  air-breathing  animals  ; but  the  pulmonary  vein,  taking 
the  ftru&ure  of  an  artery,  after  having  received  the  blood  from  the 
gills,  which  there  gains  a more  florid  colour,  diftributes  it  to  the  other 
parts  of  their  bodies.  A fimilar  ftru&ure  obtains  in  the  livers  of  fifh, 
as  well  as  in  thofe  of  air-breathing  animals ; the  blood  is  collected 
from  the  mefentery  and  inteftines  by  the  branches  of  their  proper 
veins,  which  unite  on  their  entrance  into  the  liver,  branch  out 
again,  and  aflume  the  office  of  an  artery,  under  the  name  of  vena 
portarum,  diftributing  the  blood  through  that  large  vifcus  for  the 
purpofe  of  the  fecretion  of  bile  ; whence  we  fee  in  thefe  animals 
two  circulations  independent  of  the  power  of  the  heart.  Firft,  that 
which  begins  in  the  mefentery  and  inteftines,  and  pafles  through  the 
liver  ; and  fecondly,  that  beginning  at  the  termination  of  the  veins 
of  the  gills,  and  paffing  through  the  other  parts  of  the  body ; both 
which  circulations  are  carried  on  by  the  a&ion  of  thofe  refpedtive  ar- 
teries and  veins.  Monro’s  Phyfiology  of  Fifh,  p.  19. 

The  courfe  of  the  fluids  in  the  leaves,  and  in  the  trunks  and  roots 
of  vegetables,  is  performed  in  a fimilar  manner.  Firft,  the  abforbent 
veflels  of  the  roots,  of  the  internal  cells,  and  of  the  external  bark,  with 
the  venous  blood  returning  from  thofe  parts,  unite  at  the  foot-ftalk 
of  the  leaf;  and  then,  like  the  vena  portarum,  an  artery  commences 
without  the  intervention  of  a heart,  and  receiving  the  fap  and  venous 
blood  fpreads  it  in  numerous  ramifications  on  the  upper  furface  of  the 
leaf ; here  it  changes  its  colour,  and  becomes  vegetable  blood  ; and  is 
again  collected  by  a pulmonary  vein,  and  returns  on  the  under  fur- 
face  of  the  leaf.  This  vein,  like  that  which  receives  the  blood  from 
the  gills  of  filb,  aflumes  the  office  of  an  artery,  which  correfponds 
with  the  aorta  of  animals,  and  branching  again  difperfes  the  blood 
upward  to  the  plumula  or  fummit  of  the  bud,  from  its  caudex  at  the 
foot-ftalk  of  the  leaf,  and  downward  along  the  bark  of  the  trunk  to 
the  roots;  where  it  is  received  by  a vein  correfponding  to  the  vena  cava 
of  animals,  after  having  expended  what  was  required  for  the  fecre- 
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tions,  excretions,  and  nutritition,  and  returns  to  the  caudexof  the  bud, 
and  to  the  foot-flalk  of  the  leaf. 

3.  The  power,  which  produces  a circulation  without  a heart  in 
vegetables,  a£ts  with  an  aftonifhing  force.  In  fome  of  the  experi- 
ments of  Dr.  Hales,  who  fixed  glafs  tubes  to  vine- flumps  in  the  fpring, 
the  fap-juice  rofe  above  thirty  feet ; and  in  fome  trees  mufl  proba- 
bly arife  flill  higher  in  the  vernal  months  before  the  leaves  are  ex- 
pended ; and  this  either  folely  by  the  a&ivity  of  the  abforbent  mouths 
of  thefe  veffels,  or  afiifted  by  the  vermicular  a&ion  of  their  fides, 
which  appear  to  confifl  of  a fpiral  line,  as  deferibed  in  Se£t.  II.  7.  of 
this  work. 

When  the  fap-juice  rifes  thirty-five  feet  high,  which  is  about  the 
weight  of  the  atmofphere,  the  column  preffes  about  fourteen  pounds 
on  every  fquare  inch.  Now  if  the  area  of  the  mouth  of  an  abforbent 
veffel  be  only  one  ten  thoufandth  part  of  the  area  of  a fquare  inch,  the 
ten  thoufandth  part  of  fourteen  pounds  is  the  whole  that  counteracts 
the  efforts  of  each  abforbent  mouth ; and  as  the  veffels  of  vegetables 
appear  to  have  both  very  minute  diameters,  and  very  rigid  fides,  they 
are  thence  prevented  from  aneurifm  or  rupture  by  the  preffure' of  fo 
high  a column  of  fap-juice. 

The  fame  philofopher,  by  fixing  glafs  tubes  to  the  arteries  of  horfes, 
as  near  the  heart  as  was. practicable,  found  the  blood  in  them  to  rife 
only  nine  or  ten  feet ; whence  it  appears,  that  a circulation  of  blood 
may  be  carried  on  more  forcibly  by  the  aCtion  of  the  mouths  of  ab- 
forbent veflels,  than  by  the  apparently  more  violent  exertions  of  the 
heart,  the  power  of  which  was  calculated  by  Borelli  and  others  to  be 
fo  enormoufly  great,  as  to  equal  the  preffure  of  fome  thoufand  pounds, 
as  the  counter  preffure  of  the  moving  blood  aCts  on  fo  large  a furface 
as  that  of  the  whole  internal  fides  of  the  heart. 

But  as  a column  of  blood  nine  feet  high  preffes  with  lefs  than  one 
third  of  the  weight  of  the  atmofphere,  or  about  four  pounds  on  every 
fquare  inch  of  furface;  and  as  the  internal  furface  of  the  left  cavity 

of 


64 


AORTAL  ARTERIES 


Sect.  V.  3. 

of  the  heart  of  a horfe  may  not  exceed  thirty  fquare  inches,  its  whole 
power  does  not  overcome  the  refinance  of  more  than  120  pounds. 

Hence  it  becomes  intelligible,  how  the  circulation  of  the  blood  in 
the  vena  portarum  of  the  liver  is  performed  without  any  apparent 
pulfation,  or  contra&ion  of  its  fides  like  an  artery,  which  fome  have 
indeed  fuppofed  it  to  pcfflefs,  but  limply  by  the  force  of  abforption 
exerted  by  the  mouths  of  the  veins,  which  fupply  it  with  blood. 

Secondly,  how  the  circulation  of  the  blood  in  the  bodies  of  fifh,  ex- 
cept in  their  gills,  is  carried  on  through  their  fyflem  without  the  ac- 
tion of  the  heart.  And  thirdly,  how  the  blood  in  the  vena  cava  of 
the  human  body,  as  well  as  the  fluids  imbibed  by  the  la&eals  and 
lymphatics,  are  carried  forwards  to  the  heart  by  the  power  alone  of 
their  abforbent  mouths,  which  drink  up  their  blood  from  the  capil- 
laries, or  their  other  fluids  from  the  furfaces  or  cavities  of  the  body. 
And  laflly,  how  the  whole  circulation  in  vegetables  is  performed  in 
very  minute  veffels  without  valves,  and  without  a heart,  folely  by 
the  power  of  abforption,  circumflances  which  have  long  perplexed 
the  phyliology  both  of  the  animal  and  vegetable  kingdoms. 

Another  circumstance  attending  the  circulation  of  the  juices  in  ve- 
getables, as  well  as  the  circulation  of  the  blood  in  animal  bodies,  has 
not  been  fufficiently  attended  to  ; and  that  is,  that  the  refinance  to  the 
paffage  of  thefe  fluids  from  the  terminations  of  the  arteries,  in  what 
are  termed  capillaries,  to  the  beginnings  of  the  veins,  and  through 
the  glands  of  various  kinds,  is  much  lefs  than  is  generally  imagined, 
as  we  fee  with  what  great  force  the  mouths  of  both  the  vegetable 
and  animal  abforbents  imbibe  their  fluids  ; and  that  the  beginnings  of 
the  veins,  and  the  mouths  of  the  ladteals  and  lymphatics,  and  proba- 
bly thofe  belonging  to  every  kind  of  gland,  poffefs  this  great  power  of 
abforption.  And  that  on  this  account,  when  wounds  are  made  in 
trees  in  the  fummer  months,  when  tfye  umbilical  fap-veffels  of  the 
root  have  ceafed  to  a fuch  wounds  powerfully  abforb  any  fluid, 
whether  falutary  or  poifonous,  which  is  applied  to  them,  which  does 
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not  occur  during  the  bleeding  feafon,  as  the  fap-juice  from  the  dif- 
fevered  veffels  of  the  alburnum  fupplies  a greater  quantity  of  fluid 
than  the  other  parts  of  the  wound  can  imbibe. 

4.  The  red  particles  of  blood  have  been  faid  by  Lewenhook  and 
others,  who  have  infpefted  them  in  microfcopes,  to  be  of  the  fame 
fize  in  all  creatures.  Hence  nature  has  formed  no  very  fmall  animals 
with  a general  circulation  of  warm  red  blood ; the  moufe  and  hum- 
ming-bird are  perhaps  the  leaft.  When  it  was  neceffary  to  form  the 
veffels  much  more  minute,  a diluter  kind  of  yellow  or  milky  blood,  or 
one  nearly  tranfparent,  conftitutes  the  greatefl  part  of  the  vital  fluid, 
as  in  infects  of  various  kinds,  and  in  the  white  mufcles  of  flfh  ; 
whence  arofe  a difficulty  to  the  anatomifl  of  vifibly  injecting  thefe 
fmaller  feries  of  veffels,  as  they  are  too  minute  to  convey  almofl:  any 
coloured  particles. 

In  the  vegetable  world  the  finer  fyflems  of  their  veflels  have  {till 
greater  tenuity,  and  hence  evade  our  eyes  and  microfcopes ; and  as 
their  coats  poffefs  at  the  fame  time  a greater  rigidity,  they  are  in  ge- 
neral on  that  account  alfo  incapable  of  receiving  coloured  injections, 
which  has  rendered  the  anatomy  of  plants  fo  much  more  difficult  to 
* inveftigate  than  that  of  animals,  and  muft  apologife  for  the  imperfec- 
tions of  this  part  of  the  work,  but  affords  no  argument  againft  the 
exiftence  of  a vegetable  circulation. 

It  is  probable  th-it  by  immerfing  charcoal,  nicely  made  by  flow  calci- 
nation, in  quickfllver,  or  even  in  melted  coloured  wax,  as  it  fb greedily 
abforbs  almofl:  all  fluids,  when  recently  taken  from  the  fire,  or  cooled 
without  the  contact  of  air,  we  might  produce  beautiful  vegetable  pre- 
parations, and  give  more  accurate  light  into  the  anatomy  of  plants. 
But  the  column  of  quickfllver  employed  to  pufh  forwards  the  injection 
fhould  not  be  too  high,  left  it  fhould  rupture  the  veffels  it  ought 
only  to  fill,  as  I fuppofe  has  fometimes  happened  in  thus  injecting 
the  glands  or  capillaries  of  animal  bodies. 

5.  Recapitulation.  We  may  finally  conclude,  that  the  circulation 
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of  vegetables  is  performed  like  that  of  animals  by  the  irritability  of 
their  veffels  to  the  ftimulus  of  the  fluids,  which  they  abforb  and  pro- 
trude ; that  is,  that  the  extremities  of  the  branching  veins  of  the 
leaves  forcibly  abforb  the  vegetabletblood  from  the  extremities  of  their 
arteries,  which  correfpond  with  the  pulmonary  arteries  of  animals  ; 
and  that  it  is  thus  pufhed  on  to  the  foot-ftalk  of  the  leaf,  where 
the  veins  unite,  and  branching  out  again  take  the  office  of  an  artery, 
like  the  aorta  in  flfh,  without  perceptible  pulfation.  The  blood  in 
this  artery  is  pufhed  forwards  by  that  behind  it,  the  motion  of  which 
was  given  by  the  power  of  abforption  in  the  pulmonary  vein,  till  it  ar- 
rives at  the  extremities  of  thefe  aortal  branches,  and  is  there  again 
forcibly  abforbed  by  the  terminations  of  the  correfpondent  veins,  and 
again  pufhed  forwards  to  the  caudex  gemmae,  and  to  the  foot-ftalk 
of  the  leaf,  like  the  blood  in  the  vena  cava  of  animals. 

A part  of  this-  blood  is  at  the  fame  time  forcibly  fele&ed  and  ab- 
forbed by  the  various  glands  for  the  purpofes  of  the  neceifary  fecre- 
tions,  excretions,  or  nutrition;  and  the  fap-juice  or  chyle  and  ths 
water,  which  is  acquired  by  the  abforbent  veffels,  that  correfpond  to 
the  ladfeal  and  lymphatic  veffels  of  animals,  is  carried,  as  well  as  the 
remainder  of  the  blood,  to  the  foot-ffalk  of  the  leaf.  Here  thefe  ab- 
forbent veffels  are  believed  to  pufh  their  contents  into  the  veins  cor- 
refpondent to  the  vena  cava  of  animals,  and  which  now  uniting  with- 
out the  intervention  of  a heart,  alTume  the  name  and  office  of  the  pul- 
monary arteries  ; and  branching  out  upon  the  leaf  expofe  the  return- 
ing blood  and  new  fap-juice  to  the  influence  of  the  air.  And  finally, 
all  this  is  accomplifhed  by  the  power  of  abforption,  as  in  the  aortal  ar- 
teries, and  vena  portarum,  of  fifh,  which  is  excited  into  aflion  b\  the 
irritability  of  the  mouths  of  thefe  veffels  to  the  flimulus  of  the  fluids, 
which  they  abforb. 

2d.  A circulation  of  vegetable  juices,  in  every  refpe&  fimilar  to  that 
in  the  common  leaves  above  defcribed,  exifts  in  the  bra&es  or  floral- 
leaves,  except  that  the  leaves  of  the  leaf-bud  prepare  their  juices,  fop 
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the  production  and  nourifliment  of  other  buds  in  their  bofoms ; but 
thefe  braCtes,  which  are  the  lungs  of  the  fructification,  prepare  their 
juices  for  the  nourilhment  of  the  pericarp  and  its  included  feeds,  but 
not  for  that  of  the  corol  with  its  anthers  and  ftigmas,  as  thefe  in 
many  flowers  exift  before  the  production  of  the  floral-leaves,  as  in 
colchicum  and  hamamelis. 

3d.  Another  circulation  of  vegetable  juices  exifts  in  the  fexual 
parts  of  flowers,  including  the  neCtaries  and  corols.  In  the  corols 
the  vegetable  blood  is  expofed  to  the  influence  of  the  air,  and  pre- 
pared for  the  fecretion  of  honey,  which  is  the  food  or  fupport  of  the 
anthers  and  ftigmas,  as  treated  of  in  the  feCtion  IV.  V.  1.  and  in  Sec- 
tion VII.  4.  In  thefe  the  progreflion  and  circulation  of  the  fluids  muft 
be  caufed  by  the  power  of  abforption,  which  we  have  Ihewn  to  be  a 
greater  force  than  that  of  the  heart  of  animals. 

4th.  The  progrefs  of  the  fluids  imbibed  by  vegetable  laCteals  from 
the  earth,  and  by  their  lymphatics  from  the  air,  and  from  the  fur- 
faces  of  their  internal  cells,  is  evidently  began  and  carried  on  by  the 
power  of  abforption  of  their  terminating  mouths,  and  the  annular 
contraction  of  their  fpiral  fibres. 

5th.  And  laftly,  the  wonderful  force  with  which  the  fap-juice  is 
drank  up  and  protruded  in  the  umbilical  veflels,  which  expands  and 
nourifhes  the  buds  of  trees,  and  which  forms  the  wires  of  ftrawberries 
above  ground,  and  thofe  of  potatoes  under  ground,  with  the  great 
variety  of  bulbs  and  root-fcions,  is  to  be  afcribed  to  this  Angle  princi- 
ple of  abforption.  Except  that  fome  of  thefe  long  cylindric  veflels 
-are  evidently  compofed  of  a fpiral  line,  as  mentioned  in  SeCt.  II.  7.  and 
■which  may  by  the  annular  contraClion  of  this  fpiral  line  carry  the 
fluids  they  have  abforbed  with  great  force  either  in  a forward  or  re- 
trograde direction. 

6.  Finally  I conclude,  that  the  branching  abforbents  of  the  roots 
finite  at  the  lower  caudex  of  each  bud,  before  it  riles  out  of  the  earth, 
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and  forms  a large  trunk,  which  pafles  up  the  alburnum  of  the  tree  to 
the  upper  caudex  of  the  bud  at  the  foot-ftalk  of  the  leaf,  and  may 
be  compared  to  the  receptaculum  chyli  of  animals  extended  to  fo 
great  a length  ; and  that  it  there  joins  the  great  returning  vein,  which 
alfo  is  compofed  of  the  branching  veins  of  the  roots  uniting  at  the 
lower  caudex  of  the  bud,  and  afcending  terminates  at  the  upper 
caudex  of  it,  where  it  becomes  again  branched,  and  forms  the  pul- 
monary artery. 

The  aorta  or  great  artery  defcends,  I fuppofe,  along  with  the  great 
vein,  or  vena  cava  above  mentioned  ; and  branching  in  the  roots  be- 
low, and  on  all  other  parts  of  the  individual  leaf-bud,  performs  the 
offices  of  fecretion  and  nutrition.  The  pulmonary  arteries  and  veins 
belong  to  the  leaf ; the  former  expofes  the  blood  to  the  atmofphere 
beneath  a thin  moift  pellicle,  whence  it  becomes  oxygenated,  and  pro- 
bably acquires  fome  warmth,  and  phofphoric  acid,  and  the  fpirit  ojf 
vegetable  life.  The  latter  collects  the  aerated  blood  by  its  branches, 
and  conveys  it  to  the  upper  caudex  of  the  bud,  at  the  foot-ftalk  of  the 
leaf,  where  it  becomes  the  aorta  or  great  artery  above  mentioned. 

The  Tides  of  the  long  ablorbent  trunks,  or  receptacles  of  chyle, 
which  rife  from  the  lower  caudex  and  terminate  in  the  upper  caudex 
of  each  bud,  as  well  as  the  long  trunks  of  the  umbilical  veffels  de- 
fcribed  in  SeCt.  III.  evidently  confift  of  a fpiral  line,  as  well  as  thofe 
trunks  of  abforbents,  which  imbibe  aqueous  fluids  from  the  air,  and 
a part  of  their  perfpirable  matter  on  the  furfaces  of  the  leaves.  But 
whether  the  pulmonary  and  aortal  arteries  or  great  veins  confift  of  a 
fimilar  ftruCture  is  not  yet  afcertained. 

I ffiail  here  relate  the  following  experiments,  which  were  made  a 
few  days  ago,  to  confirm  or  confute  the  ideas  above  delivered. 

Some  Rems  of  large  fpurge,  euphorbia,  were  fet  upright  in  a de- 
coction of  oak-galls,  and  others  in  a folution  of  green  vitriol.  On  the 
next  day  thefe  were  reciprocally  removed  from  the  one  to  the  other, 
as  by  this  management  I fuppofed  that  the  black  molecules  would 
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be  produced  in  the  veffels  of  the  plants,  and  would  thence  appear 
higher  in  thofe  veffels  than  if  the  black  molecules  had  been  formed 
by  a mixture  of  the  two  fluids  previous  to  their  abforption. 

On  cutting  thefe  horizontally  flice  after  (lice  with  a (harp  knife, 
and  infpedting  them  with  a common  lens,  the  milky  blood  was  feen 
to  ooze,  as  before  defcribed,  from  an  external  ring  of  the  bark  ; and 
an  interior  ring  of  coloured  points  was  agreeably  viflble  many  inches 
up  the  ffem  ; but  on  dicing  the  ftem  from  below  up  to  the  infertion 
of  the  leaves  and  buds  in  their  bofoms,  I perfuaded  myfelf  that  I 
could  perceive  the  coloured  abforbents  of  the  ftem  enlarged  at  the 
part  where  each  with  the  attendant  vein  changes  into  a pulmonary 
artery,  and  paffes  into  the  leaf,  forming  three  or  more  of  the  ribs  of 
it,  and  thus  conftituting  the  upper  part  of  the  caudex  gemmae. 

Another  circumftance  was  beautifully  vifible,  which  was,  that  the 
coloured  cylinder  of  abforbent  veffels  had  evidently  feparated  to  allow 
the  new  bud  to  apply  its  interior  termination  to  the  pith ; which  pro- 
bably, when  it  was  fecreted  by  the  glands  of  the  caudex  of  the  parent 
bud,  found  in  this  fituation  a proper  nidus,  and  due  nutriment  for  its 
embryon  ftate,  as  in  the  uterus  of  the  female. 

Some  other  kinds  of  experiments  I diredted  with  deflgn  to  fhew 
the  part*of  the  lower  caudex  of  each  bud,  where  the  branching  ab- 
forbents and  veins  of  the  root  unite  each  into  one  trunk,  before  they 
afcend  along  the  bole  of  the  tree  ; and  alfo  to  fhew,  as  in  the  above 
experiment,  the  upper  caudex  of  each  bud,  where  the  veins  are 
joined  by  the  abforbents,  and  become  the  pulmonary  arteries  of  each 
leaf,  but  did  not  fucceed  quite  to  my  wifh,  though  what  I could  ob- 
ferve  feemed  to  confirm  the  above  theory.  I had  not  leifure  to  re- 
peat the  experiments  with  fufficient  attention,  but  fhall  here  in  few 
words  defcribe  the  manner  of  making  them,  hoping  fome  one  may 
be  induced  to  profecute  them  with  fuccefs,  and  to  injeft  vegetable 
veffels,  as  the  anatomifts  do  thofe  of  animals. 

A part  of  a leaf-ftalk,  and  the  joint  to  which  it  adhered,  with 
-9  about 
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about  half  an  inch  of  the  Item  above  and  below  the  joint,  were  cut 
off  from  fome  lad  year’s  twigs,  and  alfo  the  caudex  of  fome  herba- 
ceous plants.  Thefe  were  covered  with  fand  in  a crucible  placed 
on  the  fire,  till  they  were  red  hot,  fo  that  the  vegetable  joints 
were  become  charcoal.  They  were  then  taken  out  of  the  fand,  and 
fome  immerl'ed  in  melted  fuet,  others  in  melted  bees-wax,  others  in 
white  paint,  and  one  or  two  in  an  amalgama  of  quickflver  and  zinc, 
which  happened  to  be  prepared  for  the  purpofes  of  electricity.  When 
they  were  cold,  on  dicing  them,  fome  horizontally,  and  others  ver- 
tically, I perfuaded  myfelf  that  the  blood-veffels  above  mentioned,  as 
well  as  the  pulmonary  vein  and  aortal  artery,  were  vifible  in  the  two 
extremities  of  the  long  caudex  of  the  bud,  as  well  as  the  long  trunks 
of  the  arteries,  veins,  and  abforbents,  which  conflitute  the  middle 
part  of  it. 
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SECT.  VI. 

THE  GLANDS  AND  SECRETIONS  OF  VEGETABLES. 

1. 1.  Glands  of  vegetables . Their  veffels  are  too  minute  for  coloured  injections.  i.  They 
poffefs  appetency.  Are  ftimulated  by  the  puffing  blood.  II.  i.  Mucilage  in  all 
vegetables.  2.  Is  a part  of  their  nutriment , and  convertalle  into  fugar. 
III.  1.  Starch  not  Joluble  in  cold  water.  Potatoe  bread.  2.  Starch  produced 
from  mucilage , whence  old  grain  better  than  new.  Alum  coagulates  mucilage. 
Ufe  of  it  in  bread.  How  diftinguijhed  in  bread  by  the  eye.  Is  falutary  in  London 
bread.  Is  ufed  in  making  hair -powder.  3.  Froft  converts  mucilage  into  ft  arch ; 
fnow  pancakes.  4.  Starch  from  poifomus  plants  is  wholefome,  and  maybe  ob- 
cbtained  by  elutriation  in  times  of  fcarcity.  IV.  1.  Oils  may  be  feparated  from 
bitter  or  narcotic  materials , as  the  latter  adhere  to  the  mucilage.  V.  1.  Sugar 
formed  by  animal  digeftion.  2.  By  vegetable  digeftion.  Sugar  is  nutritive , but 
may  injure  the  teeth  3 . In  many  roots  it  is  found  ready  prepared.  May  be  fe- 
parated from  mucilage  by  vinous  fpirit.  4.  Exifts  in  fruit  formed  from  auftere 
acids  by  a vegetable procefs  5.  By  heat-,  by  bruifing  auftere  fruit ; by  drying 
malt.  Sugar  converted  into  ft  arch  as  well  as  ftarch  into  fugar.  Ufe  of  fugar  to  ve- 
getables and  animals . VI.  1.  Honey  guarded  from  inf  efts , and  from  rain. 
2.  Is  of  great  importance.  Is  expofed  to  the  air.  Is  reabforbed , and  is  nutri- 
tious, 3.  Depredation  of  inf  efts  on  honey  is  injurious  to  vegetation.  So  is  the 
honey-dew  on  trees.  Bees  alfo  cclleft  farina  from  flowers.  4.  Why  the  honey  is 
expofed  to  the  air.  Is  the  food  of  the  anthers  and  ftigmas.  Differs  from fugar  by 
greater  oxygenation.  Benevolent  economy  of  nature.  VII.  1.  W ax  preferves  the 
anther- duft  from  rain.  How  wet  feafons  injure  wheat.  2.  Wax  collected  from 
ciftus  labdiniferus.  Bees  much  injure  flowers.  3.  Wax  from  candleberry- 
myrtle , and  from  croton  febiferum.  Preferves  or  nouriftoes  the  immature  feeds. 
4.  W ax  depoftted  on  plants  by  inf  efts  in  China.  Gives  confiftence  to  oil.  VIII.  1 . Tur- 
pentines and  efifential  oils  are  inadmjftble  with  water.  Moift  parts  of  vege- 
tables are  fooneft  deftroyed  by  froft.  Evergreen  trees  contain  mcft  reftn.  De- 
fends the.  buds  of  deciduous  plants.  2.  Origin  of  petroleum , jet } amber , foftftl \ . 
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coal.  3 Eflential  oils  agreeable.  Poifonous.  Prejerve  wood  from  infetts.  Ufed 
in  Africa  to  poifon  weapons  and  pools  of  water.  4.  Some  effential  oils  burft  into 
flame  with  nitric  acid.  Produce  a vapour  round  diciamnus  fraxinella.  5.  Elaftic 
reflm.  Bird-lime.  Reflnous  part  of  wheat-flower.  IX.  1.  Bitter,  narcotic, 
acrid  juices,  for  the  defence  of  plants.  Opium  exifls  in  the  poppy-head,  but  not  in 
the  feed.  So  of  hyofcyamus.  Narcotic  matter  in  walnut-hufks  not  in  the  feed. 
Oil  of  bitter  almonds  taflelefs.  1.  Acrid,  aftringent,  emetic,  cathartic,  and 
colouring  matters.  Many  poifonous  plants  in  all  our  hedge-bottoms.  3.  All 
thefe  are  flrongeft  in  the  hybernaculum  or  winter -lodge  of  plants.  W hen  oaks 
floould  be  decorticated.  X.  1.  Acids  in  fruit  and  leaves  of  various  kinds.  Con- 
vertible into  Jugar.  For  the  nutriment  of  feeds  and  buds . For  the  defence  of  the 
plants. 

1.  1.  The  flrudlure  of  the  glands  of  animals  has  not  been  yet  fully 
afeertained.  Tney  confifl  of  veflels  fo  minute  as  to  exclude  all  co- 
loured injedlions,  except  quickfilver ; and  the  terminations  of  thefe 
veflels  are  fo  tender,  that  the  neceffary  weight  of  the  quickfilver  is 
liable  to  break  them,  and  thus  mifinform  the  obferver,  as  mentioned 
in  Sedt.  V.  4.  Little  more  is  therefore  known  of  them  than  their 
effedt,  which  is,  that  they  fecrete,  that  is  feparate  or  produce,  fome 
fluid  from  the  blood;  as  bile,  falvia,  ur’yie,  milk. 

The  veflels  of  vegetables  being  ftill  more  minute,  and  more  rigid, 
the  flrudlure  of  their  glands  is  jftill  further  removed  from  our  difeo- 
very.  Their  efFedls  are  however  as  evident  as  thofe  of  the  glands  of 
animals  in  the  fecretion  or  produdlion  of  various  fluids,  which  be- 
come folid,  as  their  aqueous  parts  are  abforbed  or  exhaled,  as  mucilage, 
{larch,  oil,  fugar,  honey,  wax,  turpentines,  eflential  oils,  aromatics, 
bitters,  narcotics,  acrids,  acids,  and  a variety  of  other  materials, 
which  fill  our  barns  and  granaries,  and  crowd  the  {hops  of  the  drug- 
gifl. 

2.  There  can  be  no  doubt  from  what  has  been  already  faid  of  the 
circulation  of  vegetable  juices,  but  that  their  various  fecretions  muft 
be  effedted  in  a fimilar  manner  to  that  in  animal  bodies,  which  is 
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believed  to  be  performed  by  the  mouth  of  each  gland  being  irritated 
into  a&ion  by  the  ftimulus  of  the  blood,  which  is  brought  to  it,  and 
that  by  a kind  of  appetite  it  drinks  up  a part  of  the  blood,  and  con- 
verts it  to  the  fluid,  which  it  fecretes,  which  then  becomes  more  or 
lefs  folid,  as  its  aqueous  parts  are  abforbed  or  exhaled. 

II.  1.  Mucilage  is  found  in  all  parts  of  plants,  as  being  an  effential 
conftituent  of  vegetable  as  of  animal  bodies ; fo  when  an  extradl  is 
made  by  boiling  plants  in  water,  the  mucilage  makes  the  greatefl:  part 
of  this  extrafl.  The  mucilage  called  gum  arabic  is  obtained  from 
mimofa  nilotica,  gum  tragacanth  exfudes  from  aftragalus  tragacantha, 
as  a fimilar  gum  exfudes  from  our  cherry  and  plumb-trees ; fagoe  is 
the  pith  of  the  lycas  circinalis ; and  falep  is  the  root  of  the  orchis 
dried  in  an  oven. 

This  mucilage  feems  to  ferve  as  nourifhment  to  the  plant ; firft, 
becaufe  it  is  found  in  all  vegetable  as  well  as  animal  materials,  as  they 
decompofe  in  dunghills  ; fecondly,  becaufe  it  forwards  the  growth 
of  vegetables,  when  fpread  upon  land  ; thirdly,  becaufe  thofe  trees, 
which  bleed  much  gum,  are  weakened  and  frequently  die;  and  laftly, 
becaufe  it  is  evidently  laid  up  in  the  roots  and  feeds  of  various  vege- 
tables for  the  nourifliment  of  the  young  plants.  But  in  thefe  it 
feems  to  undergo  a change  either  in  part  chemical,  or  wholly  by  the 
digeftive  organs  of  the  embryon  plant,  and  is  converted  into  fugar, 
as  in  the  tranfmutation  of  barley  into  malt ; and  as  appears  from  the 
fweet  tafte  of  onions  and  potatoes,  when  boiled  after  they  have  ger- 
minated ; and  as  fugar  abounds  in  the  vernal  fap-juice  of  trees  in 
fuch  quantity  as  to  be  capable  of  fermentation. 

III.  1.  Starch  is  another  kind  of  mucilage,  which  differs  from 
thofe  above  mentioned  in  its  property  of  not  diffolving  in  cold  water, 
and  can  hence  be  eaflly  feparated  from  them.  If  eight  pounds  of 
good  raw  potatoes  be  grated  by  means  of  a bread-grater  into  cold 
water  ; and,  after  well  agitating  the  mixture,  the  ftarch  be  fuffered 
to  fubflde  ; and  this  ffarch  be  then,  mixed  with  eight  other  pounds  of 
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boiled  potatoes,  as  good  bread  may  be  made  as  from  the  beft  wheat 
flour;  as  is  affirmed  by  Monf.  Parmentier.  From  this  it  appears* 
that  the  quantity  of  ftarch  in  potatoes  and  in  wheat  produces  the  prin- 
cipal difference  of  their  refpedtive  flours.  See  Zoonomia,  P.  III..  Ar- 
ticle I.  2.  3.  4. 

2.  There  is  reafon  to  believe  that  the  mucilage  during  the  growth 
of  the  plant  is  converted  into  ftarch  ; and  that  this  procefs  continues 
in  grain  fome  time  after  it  is  carried  into  the  barn  or  granary,  which 
occafions  old  wheat  to  produce  better  flour  for  the  baker ; and  old 
oats  and  old  beans  are  univerfally  believed  to  give  more  nourifhment 
to  horfes.  I fhall  here  add  a conjecture,  that  I fuppofe  the  ufe  of  alum 
in  making  bread  confifts  in  its  coagulating  the  mucilage,  and  perhaps 
thus  contributing  to  convert  it  into  ftarch  ; for  the  bakers  mix  it 
principally  with  new  wheat  and  aftirm,  that  it  makes  the  flour  of 
new  wheat  equal  to  old. 

Where  much  alum  is  mixed  with  bread’,  it  may  be  diftinguifhed  by 
the  eye  by  a curious  circumftance,  which  is,  that  where  two  loaves 
have  ftuck  together  in  the  oven,,  they  break  from  each  other  with  a 
much  fmoother  furface,  where  they  had  adhered,  than  thofe  loaves 
do  which  do  not  contain  alum. 

Add  to  this,  that  alum  is  alfo  ufed  by  the  London  bakers  for  the 
purpofe  of  clearing  the  river  water,  with  which  they  are  fupplied, 
which  is  frequently  muddy ; and  alfo  for  inftantaneoufty  deftroying 
the  volatile  alkali,  which  is  faid  to  exift  in  fome  London  wells  owin® 
to  the  vicinity  of  dunghills.  Thefe  purpofes  it  probably  fulfils  by- 
coagulating  the  mucilage,  which  may  occafionally  be  mixed  with 
the  water  and  fupport  the  mud  in  it;  or  by  uniting  with  the  calca- 
reous earth,  or  with  the  volatile  alkali  which  it  may  contain,  and  de- 
pofiting  the  new-formed  gypfum,  or  its  own  argillaceous  bafe,  the 
defcent  of  which  may  carry  down  other  impurities  along  with  it* 
in  the  fame  manner  as  fome  muddy  wines  have  been  rendered  fine, 
not  by  filtering  them  through  fand,  as  then  the  mud  retained  on  the 
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furface  of  the  fand  foon  prevents  the  defcent  of  the  wine  through  it, 
but  by  paffing  clean  fand  in  (bowers  by  means  of  a riddle  through  the 
wine.  Alum  is  faid  to  be  ufed  by  the  Chinefe  for  the  purpofe  of 
cleaning  the  water  of  fome  (lagnant  refervoirs  ; and  when  ufed  in 
fmall  quantity  may  in  all  thefe  refpedls  be  rather  falutary  than  iu- 
iurious  to  the  bread  of  London. 

Alum  is  faid  alfo  to  be  ufed  in  the  manufactory  of  hair-powder, 
which  (hould  confift  of  (larch  without  mucilage,  that  the  hair  may 
not  be  glued  together  by  the  perfpirable  matter  of  the  head,  or  by  an 
accidental  (hower.  Whether  it  has  the  property  of  converting  mu- 
cilage into  (larch  might  be  eafily  afcertained  by  experiment,  by  wafhing 
in  cold  water  alone  one  parcel  of  wheat  flour,  and  wafhing  a (imilar 
parcel  in  a folution  of  alum  in  water. 

3.  Another  conjedlure-I  (hall  introduce  here  is,  that  it  is  probable  that 
the  a&ion  of  frofl:  alfo  may  teftd  to  coagulate  mucilage,  or  convert  it 
into  (larch ; for  in  the  colder  parts  of  Britain  it  is  faid,  that  the  corn 
never  ripens  till  they  have  frofty  nights  ; and  I well  remember  many 
years  ago  having  obferved,  that  fome  book-binder’s  pafte  made  by 
boiling  wheat-flour  and  water,  after  it  had  been  frozen,  ceafed  to  co- 
here on  being  prefled  together,  like  the  crumbs  of  fome  bread  ; and 
I have  been  told  by  fome  houfewives  that  their  pancakes  become 
much  lighter  if  fnow  be  mixed  with  the  flour  inftead  of  water.  See 
Sea.  XVI.  3.  2. 

4.  Now  as  (larch  is  not  foluble  in  cold  water.,  the  bitter  and  acrid 
particles  of  plants  may  be  wafhed  from  it  along  with  the  mucilage; 
whence  in  times  of  fcarcity  this  nourifhing  part  of  vegetables  may 
be  obtained  by  elutriation  from  poifonous  plants  ; on  this  circum- 
(lance  principally  depends  the  wholefomenefs  of  the  bread  made 
from  the  caflava,  the  acrid  and  poifonous  particles  being  previoufly 
wafhed  away  along  with  the  mucilage.  Monf.  Parmentier  found  the 
(larch  from  the  root  of  the  white  bryony  to  contain  no  acrimony, 
and  to  be  a wholefome  article  of  food. 

Lz 

t 


IV.  1.  Many 


/6 


GLANDS  AND  Sect.  VI.  4.  1.  5.  1,  2. 


IV.  1.  Many  feeds  contain  much  oil  mixed  with  their  mucilage, 
or  ftarch  ; as  nuts,  almonds,  flax-feed,  rape-feed.  Some  of  thefe 
contain  alfo  a bitter  or  narcotic  material,  as  bitter  almonds,  apricot 
kernels,  acorns,  horfe-chefnuts  ; which,  as  it  adheres  to  the  muci- 
lage, may  be  feparated  from  the  oil ; as  in  expreffing  the  oil  from 
bitter  almonds,  which  is  as  good  as  from  fweet  ones.  And  it  is  pro- 
bable by  grating  to  powder,  and  wafhing  in  cold  water,  the  kernels 
of  acorns,  and  horfe-chefnuts  j or  limply  by  preffure,  that  a whole.- 
fome  ftarch,  or  oil,  might  be  procured.  It  is  probable  alfo  that  the 
roots  of  fern  treated  in  this  manner  would  afford  good  nourifhment, 
as  thefe  are  faid  to  be  eaten  by  the  inhabitants  of  New  Zealand,  and 
have  been  ufed  in  this  country  in  times  of  great  fcarcity.  And  that 
the  roots  of  nymphaea,  water-lily,  might  be  thus  made  into  whole- 
fome  bread,  (which  are  faid  to  have  been  eaten  in  Egypt  by  Hero- 
dotus) and  the  roots  of  many  other  water-plants,  which  might  thus 
become  articles  of  fubaquatic  agriculture,  which  is  an  art  much 
wanted  in  this  country.  See  Sedl.  XI.  2.  5.  and  XVII.  2.  3. 

V.  1.  The  digeftive  power  of  animals  feems  to  be  principally  ex- 
erted in  converting  their  food  into  fugar  j fince  the  chyle  of  all  ani- 
mals refembles  milk,  which  contains  much  fugar,  and  thence  fpon- 
taneoufly  runs  into  fermentation,  which  terminates  in  the  production 
of  acid,  as  in  butter-milk.  In  Siberia  the  natives  diftil  a fpirituous 
and  intoxicating  liquor  from  milk  thus  fermented.  Gmelin.  In  the 
diabetes  there  is  reafon  to  believe,  that  the  chyle  paffes  off  into  the 
bladder  without  being  previoufly  mixed  with  the  blood  ; and  there  is 
a curious  hiftory  of  a patient  in  the  infirmary  at  Stafford,  who  la- 
boured under  a diabetes,  he  eat  and  drank  thrice  as  much  as  moft 
moderate  men,  and  from  fixteen  to  eighteen  ounces,  and  even  twenty 
ounces  of  coarfe  fugar  was  extracted  for  fome  time  daily  from  his 
urine.  Zoonomia,  Vol.  I.  SeCt.  XXIX.  4. 

2.  In  like  manner  the  digeftive  powers  of  the  young  vegetable, 
with  the  chemical  agents  of  heat  and  moifture,  convert  the  ftarch  or 
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mucilage  of  the  root  or  feed  into  fugar  for  its  own  nourifhment ; or 
they  obtain  fugar  ready  prepared  for  them  from  fome  roots,  as  the 
fceet-root ; from  many  fruits,  as  grapes,  pears,  peaches  ; from  the 
milk  of  cocoa-nuts,  and  from  the  fap-juice  of  the  fugar-maple,  birch, 
and  many  other  trees.  And  thus  it  appears  probable,  that  fugar  is 
the  principal  nutriment  of  both  animal  and  vegetable  beings.  That 
it  is  the  mod  nutritive  part  of  vegetable  fubftances  is  evinced  by  the 
well  afcertained  fa£l,  that  the  Haves  in  Jamaica  grow  fat  in  the 
fugar-harveft,  though  they  endure  at  that  time  much  more  labour. 

Yet  there  is  an  idle  notion  propagated  amongft  the  people  that  fugar 
is  unwholefome  ; it  is  indeed  probable,  that  the  mod:  nourilhing  ma- 
terials may  be  taken  more  eafily  to  excefs,  but  not  that  it  is  therefore 
in  general  unwholefome  ; at  the  fame  time  it  is  probable,  that  fome 
fruits  preferved  in  fyrup,  or  fweet-meats,  may  contribute  to  deflroy 
the  teeth  ; fince,  if  the  fugar  fhould  become  in  a Hate  of  decompo- 
fition,  and  the  faccharine  acid  Ihould  abound,  it  will  diffolve  calca- 
reous earth  with  greater  avidity  than  any  other  acid. 

3.  In  many  plants  fugar  is  found  ready  prepared,  as  above  men- 
tioned ; thus  in  the  beet- root,  the  cryflals  of  it  may  be  difcerned  by 
a microfcope  ; and  may  be  extracted  from  the  mucilaginous  matter  of 
the  root  by  diffolving  it  in  re&ified  fpirit  of  wine  ; which  will  unite 
with  fugar  but  not  with  mucilage.  In  the  joints  of  grafs  and  of  com 
it  may  be  difcovered  by  the  tafte.  In  the  manna-aih,  fraxinus  ornus, 
the  fame  faccharine  matter  is  produced  along  with  the  effential  fait  of 
the  plant,  which  is  purgative ; and  in  the  fugar-cane  it  abounds  in 
fuch  large  quantity  as  to  contribute  much  to  the  nourifhment  of 
mankind.  And, — and  what  ? — Great  God  of  Juftice  ! grant,  that 
it  may  foon  be  cultivated  only  by  the  hands  of  freedom,  and  may  thence 
give  happinefs  to  the  labourer,  as  well  as  to  the  merchant  and  con- 
fumer. 

4.  Another  fource  of  fugar  in  vegetables  is  in  the  fruit,  which  in 
many  plants  changes  from  an  auftere  acid  to  a faccharine  acid,  as  in 
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goofeberries,  apples,  oranges.  This  change  continues  to  proceed  af- 
ter the  pears  and  apples,  or  oranges,  are  taken  from  the  tree  into  our 
ftorehoufes,  but  the  fruit  in  this  fituation  continues  to  ripen  by  a ve- 
getable procefs,  as  it  can  not  be  faid  to  be  dead,  becaufe  it  does  not 
yet  undergo  fermentation  or  putrefaction,  or  other  chemical  d'ffolu- 
tion  ; and  though  its  progrefs  in  ripening  may  be  forwarded  by 
warmth,  yet  it  mull;  {till  be  afcribed  to  a vegetable  procefs;  as  the 
plants  themfelves  grow  quicker  when  expofed  to  additional  heat. 

5.  But  there  are  other  means  of  increafing  or  haftening  the  fac- 
charine  procefs  in  auftere  vegetable  fruits,  as  by  bruihng  them,  or  by 
baking  them,  both  which  muft  deftroy  the  life  of  the  fruit ; thus 
when  apples  are  bruifed  for  the  purpofe  of  making  cyder,  they  be- 
come fweeter  even  in  the  aft  of  bruifing  them  ; and  many  pears 
change  from  an  auftere  to  a fweet  juice  (imply  by  the  heat  of  baking  ; 
and  it  is  probable  that  malt  acquires  a great  part,  though  not  the 
whole  of  its  faccharine  matter,  in  the  aft  of  drying.  This  chemi- 
cal production  or  increafe  of  fugar  in  vegetable  juices  is  worth  being 
further  inquired  into ; fioce  if  fugar  could  be  made  from  its  elements 
without  the  afliltance  of  vegetation,  fuch  abundant  food  might  be 
fuppiied  as  might  tenfold  increafe  the  number  of  mankind  ! 

It  is  a curious  circumftance  not  yet  fufficiently  underflood,  that  not 
only  (larch  appears  to  be  convertible  into  fugar  by  the  vegetable  pro- 
cefs of  digellion,  as  in  the  germination  of  farinaceous  feeds  ; but  that 
fugar  is  capable  of  being  converted  into  (larch,  as  appears  in  the  ri- 
pening procefs  of  fome  pears,  which  firft  contain  a fweet-juice,  and 
afterwards  become  mealy. 

The  ufe  of  this  faccharine  matter  of  the  fruit  or  fap-juice  in  the  ve- 
getable economy  is  for  the  purpofe  of  fupplying  the  young  feed  or 
bud  with  nouriftiment  to  enable  it  the  better  to  flrike  its  roots  into 
the  earth,  and  to  elevate  its  leaves  into  the  air,  and  thus  by  its 
' quicker 
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quickef  growth  to  rival  its  neighbours  in  their  contentions  for  air,  and 
light,  and  moiflure,  which  are  neceflary  for  its  exiflence. 

VI.  1.  The  production  of  honey  is  perhaps  one  of  the  moft  im- 
portant vegetable  fecretions,  except  that  of  the  prolific  farina  from  the 
anthers  ; and  of  the  favilla,  or  new  embryon,  in  the  axilla  of  the  leaf. 
The  glands  for  this  purpofe,  or  certainly  the  refervoirs,  which  con- 
tain the  honey  after  it  is  fecreted,  are  in  many  flowers  vifible  to  the 
naked  eye;  as  in  crown-imperial,  fritillaria  imperialis ; in  monkf- 
hood,  aconitum  napellus  ; hellebore,  ranunculus.  It  is  neverthelefs 
probable,  that  this  refervoir  of  honey  is  frequently  placed  at  a diftance 
from  the  gland,  which  fecretes  it,  for  the  purpofe  of  preferving  it 
from  infedts  and  from  rain,  which  is  often  effe&ed  both  by  a very 
complicated  apparatus,  and  by  an  acrid  or  poifonous  juice,  as  in  the 
aconites  and  the  hellebores  above  mentioned. 

As  the  neCtary,  or  honey-gland,  always  falls  off  along  with  the 
corol,  and  anthers,  and  fiigmas  ; thefe  appear  to  be  parts  or  appen- 
dages to  each  other.  The  vegetable  blood  is  expofed  to  the  air  in 
the  corol,  and  thus  is  oxygenated  or  prepared  for  the  fecretion  of 
this  important  fluid;  which  I fuppofe  is  again  reabforbed,  and  fup- 
plies  nourifhment  to  the  anthers  and  fiigmas.  Some  acrid  juices,  and 
odorous  particles,  are  at  the  fame  time  fecreted  from  the  blood  thus 
oxygenated  in  the  corol ; which  feem  defigned  as  one  kind  of  de- 
fence againfl  the  depredations  of  infeCts  on  this  important  refervoir  of 

2.  The  univerfality  of  the  production  of  honey  in  the  vegetable 
world,  and  the  very  complicated  apparatus,  which  nature  has  con- 
flruCled  in  many  flowers,  as  well  as  the  acrid  or  deleterious  juices  fhe 
has  furnifhed  thofe  flowers  with,  as  in  the  aconite,  to  protect  this 
honey  from  rain,  and  from  the  depredations  of  infedts,  feem  to  im- 
ply, that  this  fluid  is  of  very  great  importance  in  the  vegetable  eco- 
nomy ; and  alfo  that  it  was  necelfary  to  expofe  it  to  the  open  air  pre- 
vious to  its  reabforption  into  the  vegetable  veflels. 
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In  the  animal  fyftem  the  lacrymal  gland  feparates  its  fluid  into  the 
open  air  for  the  purpofe  of  moiftening  the  eye  ; of  this  fluid  the  part, 
which  does  not  exhale,  is  abforbed  by  the  punda  lacrymalia,  and  car- 
ried into  the  noftrils  ; but,  as  this  is  not  a nutritive  fluid,  the  analogy 
goes  no  further  than  its  fecretion  into  the  open  air,  and  its  reabforp- 
tion  into  the  fyftem.  The  perfpirable  matter  is  another  material  fe- 
creted  by  animal  glands  into  the  external  air,  and  is  in  part  reabforbed, 
and  in  part  exhaled.  And  every  other  fecreted  fluid  in  the  animal  body 
is  in  part  abforbed  again  into  the  fyftem,  even  thofe  which  are  efteem- 
ed  excrementitious,  as  the  urine ; and  others  are  probably  entirely 
reabforbed,  as  the  bile,  faliva,  and  gaftric  juice. 

That  the  honey  is  a nutritious  fluid,  perhaps  the  mold  fo  of  any 
vegetable  produdion,  appears  from  its  great  fimilarity  to  fugar,  and 
from  its  affording  fuftenance  to  fuch  numbers  of  infeds,  which  live 
upon  it  folely  during  fummer,  and  lay  it  up  for  their  winter  pro- 
vifion.  Thefe  proofs  of  its  nutritive  nature  evince  the  neceflity  of  its 
reabforption  into  the  vegetable  fyftem  for  fome  ufeful  purpofe. 

3.  It  is  probable,  that  the  depredations  of  infeds  on  this  nutritious 
fluid  mull;  be  injurious  to  th-e  produds  of  vegetation  ; and  would  be 
much  more  fo,  but  that  the  plants  have  either  acquired  means  to 
defend  their  honey  in  part,  or  have  learned  to  make  more,  than  is  ab- 
folutely  neceffary  for  their  own  economy.  Thus  in  fllene,  catch-fly, 
and  in  drofera,  fun-dew,  it  is  defended  by  a vifcid  juice  from  the 
attack  of  infeds  ; in  hellebore,  and  in  aconite,  it  is  defended  by  the 
difficult  palTage  to  it,  and  by  the  acrid  juice  of  the  plant,  if  infeds 
fhould  endeavour  to  creep  into  the  nedary,  or  pierce  it  with  their 
probofcis  ; and  in  polygonum  melampyrum,  buck-wheat,  and  in  ca- 
calia  fuaveolens,  alpine  colts-foot,  there  feems  to  be  a fuperabundant 
quantity  of  honey  fecreted,  as  thofe  flowers  are  perpetually  loaded 
with  bees  and  butterflies,  infomuch  that  at  Kempton-laud  in  Ger- 
many, Mr.Worlidge  fays,  in  his  Myfteries  of  Hufbandry,  Ch.  IX.  3. 
that  he  faw  forty  great  bee-hives  filled  with  honey  to  the  amount  of 
1 feventy 


SECRETIONS, 


Sect.  VI.  6.  4. 


81 


feventy  pounds  in  each  in  one  fortnight  by  their  being  placed  near  a 
large  field  of  buck-wheat  in  flower;  and  I well  remember  being  my- 
felf  aftonifhed  at  feeing  the  number  of  bees  on  a field  of  buck- wheat 
in  Shropftfire,  as  well  as  on  a plant  of  cacalia  fuaveolens  in  my  gar- 
den ; from  which  the  fcent  of  honey  could  be  perceived  at  many  feet 
diftance  from  the  flower. 

In  the  fame  manner  the  honey-dew  on  trees  is  very  injurious  to 
them  ; in  which  difeafe  the  nutritive  fluid,  the  vegetable  fap-juice, 
feems  to  be  exfuded  by  a retrograde  motion  of  the  cutaneous  lympha- 
tics, as  in  the  fweating  ficknefs  of  the  la  ft  century,  or  is  devoured 
by  infedts,  which  pierce  the  lymphatic  veflels  of  the  leaves  at  mid- 
fummer,  feed  on  the  vegetable  chyle,  and  void  it  almoft  unchanged. 
See  Sedl.  III.  II.  8.  and  XIV.  I.  7. 

To  prevent  the  depredation  of  infedls  on  honey  a wealthy  man  in 
Italy  is  faid  to  have  poifoned  his  neighbour’s  bees,  perhaps  by  mixing 
arfenic  with  honey,  againft  which  there  is  a flowery  declamation  in 
Quintillian,  No.  XIII.  This  mixture  of  honey  and  arfenic  may  be 
ufed  with  effedt  to  poifon  flies,  which  fometimes  abound  in  pernici- 
ous multitudes  ; for  the  flies  which  frequent  our  houfes  are  liable  to 
great  thirft,  as  is  feen  by  their  drinking  any  fluid,  which  is  diffufed 
on  a table  ; whence  if  a flight  folution  of  arfenic,  with  a little  fugarf 
be  put  thinly  on  a plate  or  two,  and  fet  on  chimney-pieces  or  windows* 
the  flies  will  eagerly  drink  it,  and  perifti  almoft  inftantly.  It  is  pro- 
bable that  wafps  might  be  thus  deftroyed  in  hot-houfes,  if  a little 
honey  was  added  to  attrad!  them  by  its  odour. 

As  the  ufe  of  the  wax  is  to  preferve  the  duft  of  the  anthers  from 
moifture,  which  would  prematurely  burft  them,  the  bees,  which  col- 
led! this  for  the  conftrudtion  of  the  combs  or  cells,  and  colled!  the  fa- 
rina alfo  probably  for  bee-bread  for  their  larvae  or  maggots,  mu  ft  on 
both  thefe  accounts  alfo  injure  the  vegetation  of  a country,  where  they 
too  much  abound. 

4.  It  is  not  eafy  to  conjedlure,  why  it  was  neceflary,  that  this  fecre- 
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tion  of  honey  fhould  be  expofed  to  the  open  air  in  the  ne&ary  or  ho- 
ney-cup ; for  which  purpofe  fo  great  an  apparatus  for  its  defence 
from  infects  and  from  fhowers  became  neceflary.  - This  difficulty 
increafes,  when  we  recoiled,  that  the  fugar  in  the  joints  of  grafs,  in 
the  fugar-cane,  and  in  the  roots  of  beets,  and  in  ripe  fruits,  is  pro- 
duced without  expofure  to  the  air.  But  on  fuppofition  of  its  fupplying 
nutriment  to  the  anthers  and  fligmas,  it  may  thus  acquire  greater 
oxygenation  for  the  purpofe  of  producing  the  greater  powers  of  ama- 
torial  fenflbility,  as  mentioned  in  Sed.  IV.  5.  6.  and  probably  in  this 
circumftance  alone  differs  from  fugar. 

From  this  provifon  of  honey  for  the  male  and  female  parts  of 
flowers,  and  from  the  provifions  of  fugar,  flarch,  and  mucilage,  in. 
the  fruits,  feeds,  roots,  and  alburnum  of  plants,  laid  up  for  the  nu- 
triment of  the  young  progeny  ; not  only  a very  numerous  clafs  of  in- 
feds,  but  a great  part  of  the  larger  animals,  procure  their  food.  Surely 
this  muft  be  called  a wife  provifion  of  the  Author  of  nature,  as  by 
thefe  means  innumerable  animals  enjoy  life  and  pleafure  without 
producing  pain  to  others  ; for  the  embryons  in  thefe  buds,  feeds,  or 
eggs,  as  well  as  the  nutriment  laid  up  for  them,  are  not  yet  endued 
with  fenfitive  life.  There  is  another  fource  of  nutriment  provided  for 
young  animals,  which  ftill  further  evinces  the  benevolence  of  the  Au- 
thor of  nature  ; and  that  is  the  milk  furnifhed  by  the  mother  to  her 
offspring ; by  this  beautiful  contrivance  the  mother  acquires  pleafure 
in  parting  with  a nutritious  fluid,  and  the  offspring  in  receiving  it ! 

VII.  1.  The  wax  is  another  vegetable  fecretion  produced  with  the 
fecundating  duft  on  the  anthers  of  flowers,  which  in  wet  feafons  it 
preferves  from  rain,  to  which  it  is  impenetrable ; for  the  farina,  or 
fecundating  duft  of  plants,  is  liable  to  fwell  if  expofed  to  much  moif- 
ture,  and  to  burfl:  its  ffiell ; and  it  either  then  becomes  inert  and  in- 
effedual,  or  is  wafhed  away.  Whence  Mr.Wahlborn  obferves,  that 
as  wheat,  rye,  and  many  of  the  graffes,  and  plantain,  lift  up  their 
anthers  on  long  filaments,  and  thus  expofe  the  enclofed  fecundating 
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dull  to  be  waflied  away  by  the  rains ; a fcarcity  of  corn  is  produced 
in  wet  fummers;  hence  the  necefiity  of  a careful  choice  of  feed- 
wheat  ; as  that,  which  had  not  received  the  dud;  of  the  anthers,  will 
not  grow,  though  it  may  appear  well  to  the  eye. 

2.  A fubftance  fimilar  to  this  is  faid  to  be  collected  from  extenfive 
underwoods  of  the  ciftus  labdaniferus  in  fome  eaftern  countries  by  this 
lingular  contrivance ; long  leathern  thongs  are  tied  to  poles,  and 
drawn  over  the  flowers  of  thefe  fhrubs  about  noon,  which  thus  col- 
lect the  wax  or  refin  with  part  of  the  anther  duft,  which  adheres  to 
the  leathern  thongs,  and  is  occafionally  feraped  off  for  ufe.  Thus  in 
fome  degree  the  depredation  of  the  bee  is  imitated,  except  that  fhe 
loads  her  thighs  only  with  the  anther-duft,  which  according  to  Mr. 
John  Hunter  conftitutes  the  bee-bread  found  in  hives  for  the  fupport 
of  the  larva  or  bee-maggot ; and  that  (he  fwallows  the' wax  for  the 
conftru&ion  of  her  combs,  as  well  as  the  honey  for  her  winter  pro- 
vender  ; and  thus  every  way  injures  the  fecundity  of  flowers. 

3.  A wax  in  America  is  obtained  from  the  myrica  cerifera,  candle- 
berry  myrtle,  the  berries  of  which  are  boiled  in  water,  and  the  wax 
feparates.  The  feeds  of  the  croton  febiferum  are  lodged  in  a kind  of 
tallow ; in  both  thefe  plants  the  wax  or  tallow  probably  ferves  the 
purpofe  of  preferving  the  immature  feeds  from  moifture  ; or  like  the 
oil  found  in  flax-feed,  rape-feed,  and  in  many  kernels,  they  may  con- 
ftitute  in  part  the  nourifhment  of  the  new  plant. 

It  muff  neverthelefs  be  obferved,  that  Mr.  Sparman  fufpe£ls,  that 
the  green  wax-like  fubftance  on  the  berries  of  the  myrica  cerifera  is 
depofited  by  infebts.  Voyage  to  the  Cape,  V.  I.  p.  145.  And  Du 
Halde  deferibes  a white  wax  made  by  infefts  in  great  quantity  round 
the  branches  of  a tree  in  China,  which  is  called  Tong-tfin.  Defcript. 
of  China,  V.  I.  p.  230.  And  laftly,  fir  G.  Staunton  mentions  a white 
wax  on  a plant  in  Cochin-China,  which  he  believes  to  be  ftrewed  on 
the  plant  in  the  form  of  white  powder,  which  has  this  fingular  pro- 
perty, that  one  part  of  this  white  powder  mixed  with  three  parts  of 
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olive  oil  made  hot,  gave  it  when  cold  the  confidence  of  bee’s-wax. 
Embafly  to  China,  Vol.  I.  p.  354. 

VIII.  1.  Turpentines  or  ballams,  refins,  and  eflential  oils,  are  ana- 
logous to  the  vegetable  fecretions  lad  mentioned,  in  their  being  inadr 
miffible  with  water.  Thofe  vegetables,  which  contain  in  their  veflels 
the  lead  water,  bear  cold- climates  the  bed  ; becaufe  when  water  is 
frozen,  it  occupies  more  fpace  than  before;  and  hence  burds  the 
bottles  which  contain  it  ; in  the  fame  manner  when  any  fucculent 
vegetable  is  frozen,  its  veflels  become  burd  or  bruifed  by  the  expan- 
lion  of  the  ice,  and  the  plant  is  dedroyed  ; on  this  account  thofe  parts 
of  plants,  which  are  the  mod  juicy,  as  the  lad  fhoots  of  vines,  are 
fooned  dedroyed  in  winter.  Hence  many  of  the  evergreen  trees  of 
this  climate  are  replete  with- turpentine  or  refin,  which  by  occupying 
the  place  of  fo  much  water,  contributes  to  their  hardinefs.  There  is 
slfo  a partial  fecretion  of  balfam  or  turpentine  in  many  deciduous 
plants  for  the  purpofe  of  defending  their  buds  during  the  winter, 
both  from  frod  and  from  wet,  which  is  repelled,  by  their  balfamic 
varnilh,  as  on  the  buds  of  the  populus  tacamahacca. 

2.  The  balfams  and  refins  of  the  (hops  are  either  extracted  from 
the  wood  by  fire,  or  exfude  from  wounds  of  the  tree;  thus  what  is 
called  Venice  turpentine  is  obtained  from  the  larch  by  wounding  the 
bark  about  two  feet  from  the  ground,  and  catching  it  as  it  exfudes.. 
Sandarach  is  procured  from  common  juniper,  and  incenfe  from  ano- 
ther juniper ; and  there  is  reafon  to  believe  that  bitumen,  or  petro- 
leum, with  jet,  amber,  and  all  the  fbfiile  coal  in  the  world,  owes  its 
inflammable  part  to  the  recrements  of  dedroyed  foreds  of  terebinthi- 
nate  vegetables,  fo  important  to  the  prefent  race  of  mankind  has  been 
this  vegetable  fecretion  ! 

3.  The  eflential  oils  are  fometimes-  raifed  by  didillation  from  bal- 
fams  or  refins,  as  oil  of  turpentine  ; but  are  chiefly  extracted  from 
flowers ; where  their  office  has  been  to  prevent  the  depredations  of 
infedts ; though  many  of  them  are  fo  agreeable  to  the  human  fenfe  of 
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fmell,  when  thefe  eflential  oils  are  diflolved  or  mixed  with  water  in 
diftillation,  they  have  been  called  the  fpiritus  redor  of  the  plants  and 
constitute  the  odour  of  it,  whether  aromatic  or  fetid* 

Some  of  thefe  eflential  oils  pofiefs  the  moft  poifonous  qualities,  as- 
thofe  of  lauro-cerafus,  and  of  tobacco ; and  are  ufed  by  Indian  nations 
for  the  purpofe  of  poifoning  their  weapons,  which  they  cover  like  a 
varnifli.  And  hence  fome  of  the  refinous  woods  are  faidi  never  to  be 
devoured  by  infeds,  as  the  unperifhable  chefs  of  cyprefs,  in  which 
the  Egyptian  mummies  have  been  preferved  for  fo  many  ages,  and 
the  cedar  in  which  black  lead  is  inclofed  for  pencils. 

The  acrid  poifon  of  the  large  euphorbium  of  Africa  exifts  in  the  oil 
of  that  plant ; asM.Vaillant  obferves,  that  the  natives  fometimes  poi- 
fon the  waters  with  dicing  this  plant  into  them,  and  that  the  poifon- 
ous oil  fwims  upon  the  furface,  and  may  thus  be  avoided  by  a care- 
ful drinker.  This  in  a country  where  water  is  fcarce,  and  generally  in 
ftagnant  pools,  may  be  readily  effected  ; as  a few  fpoonfuls  of  oil  will 
cover  a large  fheet  of  water,  as  it  becomes  difFufed  upon  it  without 
fridion,  as  mentioned  in  Botanic  Garden,  Vol.  I.  Addition.  Note 
XXIX. 

4.  Some  of  the  eflential  oils  are  fo  inflammable  as  to  burft  into  a 
vehement  flame  on  being  mixed  with  nitrous  acid,  as  oil  of  cloves ; 
and  even  the  fmall  quantity  diffufed  in  the  air  round  the  did amnus 
fraxinella  will  take  fire  on  a ftill  evening  at  the  approach  of  a 
lighted  candle. 

5.  With  thefe  ftiould  be  arranged  the  elaftic  refin  called  Caoutchouc,, 
which  is  faid  toexfude  from  a tree  in  Guaiana,  called  Iatropha  elaftica, 
by  M.  de  la  Borde,  phyfician  at  Cayenne.  A fimilar  elaftic  refin  is 
faid  to  be  obtained  from  a plant  in  Madagafcar,  called  Finguere,  a 
kind  of  wild  fig-tree,  according  to  Abbe  Rochon  ; and  the  bird-lime 
extracted  from  the  bark  of  the  hollies  of  our  climate  feems  to  be  a 
fimilar  material;  as  like  the  caoutchouc  it  becomes  foft  by  heat,  and 
is  impenetrable  by  water,  but  foluble  in  ether.  Another  elaftic  fub- 
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fiance,  which  is  infoluble  in  water,  is  procured  from  wheat  by  long 
maftication,  or  by  agitating  the  flour  of  it  in  water;  which  has  been 
faid  to  approach  to  animal  matter,  and  is  believed  to  be  the  moft  nu- 
tritious part  of  that  aliment,  and  was  once  much  talked  of,  or  fold 
under  the  name  of  alimentary  powder  for  the  nourifhment  of  march- 
ing armies. 

IX.  1.  The  bitter,  narcotic,  and  acrid  juices  of  plants  are  fecreted 
by  their  glands  for  the  defence  of  the  vegetable  from  the  depredation 
of  infects  and  of  larger  animals.  Opium  is  found  in  the  leaf,  ftalk, 
and  head  of  the  poppy,  but  not  in  the  feeds.  A flmilar  narcotic  qua- 
lity exifts  in  the  leaf  and  flem  of  hyofcyamus,  henbane,  but  not  in 
the  feeds.  An  acrid  juice  exifts  in  hulks  of  walnuts,  and  in  the  pel- 
licle, or  Ikin,  of  the  kernel ; but  not  in  the  lobes,  or  nutritious  part 
of  it.  Thefe  feem  to  have  been  excluded  from  the  feed,  left  they 
might  have  been  injurious  to  the  tender  organs  of  digeftion  of  the 
embryon  plant.  In  fome  feeds,  however,  there  is  a bitter  quality,  but 
which  refufes  to  mix  with  the  oleagenous  part ; as  the  oil  exprefled 
from  bitter  almonds  is  as  taftelefs  as  that  from  the  fweet  almonds. 

2.  Other  vegetables  poflefs  glands  adapted  to  the  fecretion  of  va- 
rious fluids  more  or  lefs  aromatic,  acrid,  or  aftringent ; as  the  herb  of 
water-crefs,  the  root  of  horfe-radilh,  the  feeds  of  muftard,  the  flowers 
of  rofes,  the  fruit  of  quince,  and  the  bark  of  oak.  To  thefe. fhould 
be  added  thofe  which  have  emetic  and  cathartic  qualities ; and  other 
vegetable  preparations,  which  are  ufed  in  the  arts  of  dying,  tanning, 
varnilhing ; and  which  fupply  the  (hops  of  the  druggift  with  medi- 
cines and  with  poifons.  All  which  deleterious  juices  feem  to  have  been 
produced  for  the  protection  of  the  plant  againft  its  enemies,  as  appears 
by  the  number  of  poifonous  vegetables,  which  are  feen  in  all  our 
hedge-bottoms  and  commons,  as  hyofcyamus,  cynoglofl'um,  jacobaea, 
and  common  nettles  ; which  neither  infects  nor  quadrupeds  devour, 
and  which  are  therefore  of  no  known  ufe  but  to  themfelves  ; and 
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pofTefs  a fafer  armour  in  this  panapoly  of  poifon,  than  the  thorns  of 
hollies,  briars,  and  goofeberries. 

3.  As  the  bitter,  narcotic,  acrid,  and  terebinthinate,  as  well  as  the 
farinaceous,  oily,  and  faccharine  matters,  are  fecreted  in  fummer 
from  the  vegetable  blood,  and  referved  for  the  nutrition  and  defence 
of  the  new  buds  and  bulbs,  they  are  in  this  climate  generally  found 
more  concentrated  in  the  hybernaculum,  or  winter-lodge  of  plants, 
before  the  new  fap  is  raifed  by  the  umbilical  or  abforbent  veffels  in 
the  fpring.  Hence  roots  and  barks,  as  well  as  fruits  and  feeds,  are 
bed:  collected  in  autumn,  or  in  winter,  for  the  purpofes  of  medicine 
or  of  other  arts. 

Thus  the  bark  of  oaks  fhould  be  taken  off  for  the  ufe  of  the  tanner 
in  the  winter,  or  in  early  fpring,  before  the  leaves  pullulate,  as  then 
a great  part  of  its  aftringent  or  bitter  juices  is  reabforbed,  and  carried 
to  the  new  foliage  along  with  the  faccharine  fap-juice,  which  has 
been  depofited  in  the  cells  of  the  alburnum  or  fap-wood.  But  as  the 
barks  of  trees  become  loofer,  and  much  more  eafily  detached  from 
the  wood,  when  the  fap-juice  rifes  in  the  fpring,  this  is  the  bed:  time 
for  debarking  them  ; but  the  naked  bole  and  branches  Ihould  {land  till 
autumn,  till  the  faccharine  matter  collefled  in  the  alburnum  has 
been  expended  in  unfolding  the  new  leaves ; otherwife  it  will  foon 
ferment  and  putrefy  ; and  the  fap-wood  will  thus  quickly  decay  by 
what  is  termed  the  dry-rot  of  timber,  as  mentioned  in  Sedt.  III.  2.  3. 

X.  1.  The  acids  produced  by  vegetable  fecretion  have  of  late  been 
much  fubjefted  to  chemical  inquiry,  and  have  been  found  to  be  fo 
numerous,  that  they  have  been  named  from  the  vegetables,  or  parts 
of  vegetables,  from  which  they  have  been  extracted  ; as  the  gallic 
acid,  malic  acid,  oxalic  acid.  Many  unripe  fruits  contain  an  auftere 
acid,  which  is  gradually  converted  into  fugar  by  vegetable  or  chemical 
procefles  for  the  nutriment  of  their  feeds,  as  defcribed  in  No.  V.  4* 
of  this  fcdion.  In  other  plants  it  exifts  in  the  foot-ftalks  of  the  leaves, 
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as  in  rheum,  rhubarb  ; or  in  the  leaves  themfelves,  as  in  oxalis,  forrel ; 
in  thefe  iituations  alfo  I fuppofe  it  is  fecreted  both  for  the  defence  of 
thofe  plants  from  the  depredation  of  infe&s  and  of  larger  animals ; 
and  alfo  for  the  purpofe  of  its  being  converted  into  a faccharine  juice 
by  the  digeflion  of  the  young  bud  in  the  bofom  of  the  leaf. 
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SECT.  VII. 

THE  ORGANS  OF  REPRODUCTION  OF  VEGETABLES. 

The  theory  of  Linneus  for  vegetable  reproduction  too  mechanical , and  without  analogy , 
Every  new  fluid  is  fecreted  by  glands , as  the  liquor  amniv  and  albumen  ovi.  So 
alfo  is  the  favilla  vita,  or  living  entity.  I.  1.  Lateral  progeny.  The  new  bud 
is  fecreted  in  the  axilla  of  the  leaf,  and  requires  no  female  apparatus.  It  ad- 
heres to  its  parent  not  by  inofculation  of  veffels,  but  refembles  the  chick  in  the  egg. 
2.  Difference  of  the  chick  and  fetus.  Their  nutriment  and  oxygenation.  The  em- 
bryon  may  be  feen  in  the  buds  of  horfe- chef  nut.  It  is  a paternal  progeny.  3.  This 
lateral  offspring  refembles  the  parent.  Not  univerfally  flo.  More  perfect  than  feeds. 
Buds  of  dioecious  plants  bear  fimilar  fexes.  The  lateral  progeny  degenerates  from 

hereditary  difeafes.  Whence  curled  potatoes,  blighted  ftrawberries,  bears  fruit  at 
the  fame  time,  and  of  the  fame  kind.  Plants  live  longer  if  prevented  from  flower- 
ing. Art  of  producing  double  hyacinths,  ranunculus,  tulips.  4.  Lateral  progeny 
of  corallines  and fea-anemonies.  Polypi  are  all  males.  Wires  of  knot  grafs  like 

the  joints  of  the  tape-worm,  which  are  all  males.  5.  Aphis,  viviparous  and  ovi- 
parous like  vegetable  generation.  6.  Veffels  of  the  bud  and  leaf  do  not  inofculate. 
Viviparous , oviparous,  and  paternal  generation.  7.  Leaves  on  twigs  like  the  pro- 
geny of  volvox.  But  in  fame  twigs  the  pith  is  divided,  and  the  buds  fuccejflve. 
Hermaphrodite  generation.  Buds  from  every  part  of  the  caudex.  Thofe  from  be- 
low the  graft  are  like  the  flock.  Find  numerous  uteri  like  eggs  and fpawn.  Pa- 
ternal generation  preceded  fexual  generation.  The  laft  more  excellent.  II.  1.  Sexual 
progeny.  Seeds  before  impregnation.  Eggs  before  impregnation.  Seed-embryon 
fufpended  by  oppoflte  points  like  the  cicatricula  of  the  egg.  2.  Seed-bud  and  flower. 
Stamens  and  fligmas.  Males  bend  to  females , and  females  to  males.  Style  of 
fpartium  bends  round  like  a French  horn.  Onanifm  of  epilobium.  Male  flowers  of 
vallifneria  fwim  to  the  females.  Flowers  with  long  filaments  injured  by  rain.  Sub- 
marine plants  project  a liquor . 3.  The  petals  are  refpiratory  organs.  4.  Honey 
is  the  food  of  the  anthers  and  fligma  which  like  butterflies  propagate  and  die. 
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5.  Seeds  are  formed  and  nourijhed  by  the  umbilical  veflfels  previous  to  fecundation , 
or  by  the  br  aides  or  floral-leaves.  Difperflon  of feeds  by  plumes,  by  hooks,  by  twifted 
awns.  Creep  on  the  ground.  Hygrometer  of  a geranium  feed.  6.  Sexual  generation 
the  chef  d' oeuvre  of  nature.  Produces  variety  of  fpecies.  Mixed  breed  of  cab- 

bage. Mixed  breeds  of  beans.  An  apple  Jour  on  one  fide.  Vegetable  mules.  7.  Ani- 
mal mules.  They  externally  refemble  the  male,  internally  the  female.  Mule  from  the 
horje  and  female  afls.  From  the  mare  and  male  afls.  From  Spanifh  rams  and 
Swedijh  ewes,  and  the  contrary . From  the  goat  of  angora.  Ram  without  horns . 

8.  How  to  improve  the  varieties  of  fruits  and  flowers,  and  produce  new  ones . 
Many  plants  were  originally  mules,  and  many  animals.  How  to  produce  new  ani- 
mal monfters,  both  quadrupeds  andfifk,  by  the  method  of  Spallanzani.  Mules  more 
frequent  in  antient  times.  III.  Vegetable  generation.  1.  A triple  tree  by  in - 
graftment.  The  caudex  of  each  bud  is  triple.  Lateral  or  paternal  mules.  Con- 
ferva fontinalis  Jplits.  1.  The  lateral  propagation  of  the  polypus.  The  hydra 

ftentorea  Jplits.  Two  halves  of  different  polypi  unite.  So  the  vegetable  filaments 

or  caudexes  in  ingrafted  trees.  3.  Triple  lateral  mule.  Each  part  of  the  triple 
caudex  is  produced  from  that  in  its  vicinity,  not  from  the  plumula  of  the  bud. 

4.  Worms  multiplied  by  dividing  them.  So  the  caudexes  of  the  buds  of  trees . 

5.  The  parts  of  the  long  caudexes  of  trees  are  fleer e ted  from  the  adjoining  parts  of 

the  parent  caudexes,  and  combine  beneath  the  cuticle  of  the  tree.  Every  part  of 
a compound  caudex  can  produce  a new  bud,  reflembling  the  part  of  the  compound 
flock,  where  it  rifles.  Lateral  mules  conflifl  of  parts  from,  three  or  four  parents. 
Could  there  be  a threefold fexual  mule  ? 6.  Power  of  attraction.  Aptitude  to  be 
attracted.  Chemical  combinations  by  Jingle  attraction.  By  double  affinity.  7.  Union 
of  animated  bodies  with  inanimate  matter,  as  in  Jw allowing  food.  ]ji  abflorption 
by  the  laCleals.  Vitality  of  the  blood..  Fibrils  with  nutritive  appetencies.  Mole- 
cules with  nutritive  propenflties..  8.  Fibrils  with  formative  appetencies,  and  mole- 
cules with  formative  propenflties  flecreted  beneath  the  cuticle  of  trees,  and  coalefce. 
Hunger  and  love,  thirft , fluckling  children,  they  reciprocally  ftimulate  and  embrace 
each  other.  9.  Great  flecret  of  nature.  Formative  or  nutritive  particles  in  the 
blood  more  than  neceflfary.  Secreted  by  numerous  glands.  Arranged  under  the 
cuticle  of  trees.  Acquire  , new  appetencies,  and  produce  new  parts.  10.  In  fexual 
generation  they  are  flecreted  by  two  glands  only.  T hofle  of  the  anther  and  pericarp 

unite  in  the  matrix.  1 1 , Without  formative  molecules  as  well  as  formativeflbrils 
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there  could  he  no  mules , or  any  rejemhlance  to  the  mother.  The  new  dottrine  of 

threefold  vegetable  mules  applied  to  animal  generation.  12.  Conclufion. 

The  theory  of  Linneus  in  refpedb  of  the  reproduction  of  vegeta- 
bles maintains,  that  the  internal  medullary  part  muft  be  joined  with 
the  external  or  cortical  part  of  the  plant  for  the  purpofe  of  produc- 
ing a new  one.  If  the  medulla  be  fo  vigorous  as  to  burft  through  its 
containing  vefiels,  and  thus  mix  with  the  cortical  part,  a bud  is  pro- 
duced either  on  the  branches  or  roots  of  vegetables  ; otherwife  the 
medulla  is  extended,  till  it  terminates  in  the  piftillum,  or  female  part 
of  the  flowerj  and  the  cortical  part  is  likewife  elongated,  till  it  termi- 
nates in  the  anthers,  or  male  part  of  the  flower ; and  then  the  fe- 
cundating dull  from  the  latter  being  joined  to  the  prolific  juices  of 
the  former,  produces  the  feeds  or  new  plants ; at  the  fame  time  the 
Inner  rind  is  extended  into  the  corol  or  petal,  and  the  outer  bark  into 
the  calyx. 

After  the  feeds  are  thus  produced,  the  parent  bud  dies ; and  in  this 
refpedt  the  buds  bear  a very  great  analogy  to  thofe  annual  infedts,  which 
change  from  their  caterpillar  or  larva-forms,  putting  forth  painted 
wings  and  organs  of  reproduction,  and  after  depofing  their  eggs  ceafe 
to  exift.  See  the  account  of  the  vegetable  kingdom  by  Linneus,  pre- 
fixed to  the  fyftem  of  vegetables  tranflated  by  a botanical  fociety  at 
Lichfield.  Leigh  and  Sotheby,  London. 

However  fimple  and  ingenious  the  firft  part  of  this  theory  may  ap- 
pear, in  which  the  medulla  is  fuppofed  to  extend  itfelf,  till  it  burfts 
the  inclofing  or  cortical  part,  and  joining  with  that  produces  a new 
bud  ; yet  it  feems  too  mechanical  for  a living  organized  fyftem  ; and 
fo  totally  different  from  any  thing  we  know  of  fexual  production 
either  in  animals  or  flowers,  as  not  readily  to  fatisfy  a reafoning 
mind. 

Every  new  fluid  or  folid  produced  in  the  organic  fyftem  of  vegeta- 
ble or  animal  bodies  is  fecreted  from  their  blood,  as  the  various  fluids 
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of  bile,  faliva,  tears,  in  animals  ; and  thofe  of  gum,  refill,  fugar,  in 
vegetables.  Amongft  thefe  are  the  juices  which  conftitute  the  nu- 
tritious fluid  of  the  amnios  in  the  uterus  of  viviparous  animals,  or  that 
of  the  albumen  of  the  egg  in  oviparous  ones.  And  lafty,  the  flavilla 
vitae,  the  new  fpark  of  being,  or  living  entity,  is  alfo  fecreted  from 
the  blood  of  male  animals  by  adapted  glands  to  be  received  into  a pro- 
per nidus,  and  nourifhed  by  the  female. 

I.  LATERAL  PROGENY. 

I.  As  the  leaf  with  its  petiole,  or  foot-ftalk,  and  its  caudex  down 
the  bark  of  a tree,  with  its  radicle  beneath,  conftitutes  an  individual 
plant ; and  the  bud  in  its  bofom  fucceeds,  and  is  evidently  produced 
by  it  ; it  may  be  concluded  from  the  ftrongefl:  analogy  that  this  new 
progeny  is  fecreted  from  a gland  or  glands  of  the  parent ; and  that, 
as  it  adheres  to  the  parent,  it  requires  no  female  apparatus  for  its  re- 
ception, nourifliment,  or  oxygenation. 

1 was  formerly  induced  to  believe,  that  there  was  a communication 
of  blood,  or  inofculation  of  velfels  between  the  parent  leaf,  and  the 
new  bud  in  its  bofom,  as  expreffed  in  Zoonomia,  Sed.  XXXIX.  2.  2. 
and  that  this  couftituted  the  difference  between  paternal  gefhtion  and 
maternal  s;efbatioii.  But  that  the  veffels  between  the  new  bud  and 
the  parent  leaf-bud  do  not  inofculate  may  be  well  feen  by  taking 
away  the  bark  of  the  foot-ftalk  of  a leaf,  and  of  the  new  bud  in  its 
bofom  ; as  the  remains  of  the  arteries  of  the  late  leaf,  as  well  as  the 
rudiment  of  the  new  bud,  are  feen  to  terminate  in  the  alburnum,  or 
to  penetrate  the  pith,  but  without  any  apparent  communication  ; and 
I therefore  fufped,  that  the  embryon  bud  is  not  ferved  with  vegeta- 
ble blood  from  the  veffels  of  the  parent,  but  that  it  acquires  both  nu- 
triment and  oxygenation  much  in  the  fame  manner  as  the  chick  in 
the  egg.  See  Sed.  III.  1.  5. 

2 . The  condition  of  the  chick  in  the  egg  differs  from  that  of  the 
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fetus  in  the  womb  of  viviparous  animals  in  the  whole  of  its  nutriment 
being  at  firft  provided  for  it,  which  confifts  of  the  albumen,  or  white 
of  the  egg,  which  is  contained  in  cells,  and  is  of  different  degrees  of 
confiftency,  that  which  is  mold  fluid  being  firft  confumed  ; whereas 
the  liquor  amnii,  or  nutriment  of  the  fetus  in  utero,  is  gradually  fe- 
creted  by  adapted  glands  from  the  blood  of  the  mother,  as  it  is 
wanted. 

Another  difference  between  the  condition  of  the  chick  and  of  the 
fetus  confifts  in  the  manner,  by  which  their  blood  acquires  its  necef- 
fary  oxygenation.  In  the  fetus  this  is  done  by  means  of  the  placental 
veffels,  whofe  extremities  are  inferted  into  the  blood-veffels  of  the 
uterus^  and  receive  oxygen  through  their  moift  membranes  from  the 
pafling  currents  of  the  mother’s  blood,  as  defcribed  in  Zoonomia, 
Vol.  I.  Sect.  XXXVIII.  Whereas  in  the  egg  after  a few  days  incu- 
bation a membrane  is  feen,  which  includes  the  albumen,  and  lpreads 
the  extremities  of  its  fine  blood-veffels  on  the  moift  membrane,  which 
covers  the  air  at  the  broad  end  of  the  egg ; which  air  is  occafionally 
renewed,  as  would  appear  by  its  being  feen  fo  eafily  to  pafs  through 
the  fhell,  when  an  egg  is  covered  with  water  in  the  exhaufted  re- 
ceiver of  an  air-pump. 

The  condition  of  the  embryon  bud,  when  the  parent  leaf-bud  dies, 
I conceive  to  be  fimilar  to  that  of  the  chick  in  the  egg,  when  that  is 
feparated  from  its  parent.  Each  of  them  has  at  this  time  a refervoir 
of  nutriment  provided  for  it ; that  of  the  chick  confifts  of  the  albu- 
men, or  white  of  the  egg  above  mentioned  ; and  that  of  the  bud  con- 
fifts of  mucilage  and  fugar,  which  are  depofited  in  the  alburnum  or 
fap-wood,  or  in  the  roots  of  the  plant.  And  fecondly,  I conceive 
that  the  extremities  of  a fine  fyftem  of  veffels  belonging  to  the  bud 
may  terminate  on  the  moift  membrane,  which  covers  the  horizontal 
air-veffels  defcribed  in  Se£t.  III.  2.  6.  as  thofe  on  the  chorion  of  the 
chick  terminate  on  the  air-bag  of  the  egg,  and  thus  acquire  the  ne- 
ceffary  oxygenation  of  their  vegetable  blood. 
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This  analogy  between  the  vegetable  and  animal  fetus  in  refpeCt  to 
their  produ&ion,  nourifhment,  and  oxygenation,  is  as  forcible  in  fo 
obfcure  a fubjeCt,  as  it  is  curious;  and  may  in  large  buds,  as  of  the 
horfe-chefnut,  be  almoft  feen  by  the  naked  eye.  If  with  a penknife 
the  remaining  rudiment  of  the  laft  year’s  leaf,  and  of  the  new  bud  in 
its  bofom,  be  cut  away  flice  by  flice,  the  feven  ribs  of  the  laft  year’s 
leaf  will  be  feen  to  have  arifen  from  the  pith  in  feven  diftinCt  points, 
making  a curve ; and  the  new  bud  to  have  been  produced  in  their 
center,  and  to  have  pierced  the  alburnum  and  bark,  and  grown  with- 
out the  aftiftance  of  a mother. 

And  laftly,  by  in  part  cutting,  and  in  part  tearing,  the  pith  and 
alburnum  from  the  bottom  of  a new  leaf-ftalk  of  horfe-chefnut  about 
the  middle  of  May,  an  oval  prominence  may  be  feen  in  the  internal 
part  of  the  leaf-ftalk,  which  fills  up  a fpace  between  the  veflels  of 
the  bottom  of  the  leaf-ftalk  and  thofe  of  the  new  bud,  and  feems  to 
conned  them  by  its  extremities,  and  to  prefs  on  the  pith  beneath  it. 
From  this  apparent  gland  I conjecture  that  the  now  living  fibres,  or 
animalcules,  are  probably  fecreted,  which  form  the  new  bud  adher- 
ing to  the  pith,  and  nourifhed  by  the  parent  leaf ; that  thus  a paternal 
progeny  is  produced  without  the  aftiftance  of  a mother. 

3.  This  paternal  offspring  of  vegetables  in  their  buds  and  bulbs  is 
attended  with  a very  curious  circumftance  ; and  that  is,  that  they 
exaClly  refemble  their  parents,  as  is  obfervable  in  grafting  fruit-trees, 
and  in  propagating  flower-roots  ; whereas  the  feminal  offspring  of 
plants,  being  generated  by  two  parents,  and  certainly  fupplied  with 
nutriment  by  the  mother,  is  liable  to  perpetual  variation.  This  alfo 
in  the  vegetable  clafs  dioecia,  where  the  male  flowers  are  produced  on 
one  tree,  and  the  females  on  another,  the  buds  of  the  male  trees  uni- 
formly produce  either  male  flowers,  or  other  buds  flmilar  to  them- 
felves;  and  the  buds  of  the  female  trees  either  produce  female  flowers, 
or  other  buds  flmilar  to  themfelves ; whereas  the  feeds  of  thefe  trees 
produce  either  male  or  female  plants.  See  SeCt.  Ill,  2.  1. 
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This  fimilarity  of  buds  and  bulbs  to  their  parents  is  to  be  under- 
flood only  to  exift  after  the  maturity  of  the  plant,  that  is  after  it  has 
produced  a fexual  offspring  in  flowers  and  feeds ; for  a bulb,  as  of  a 
tulip,  and  a bud  of  a fruit-tree,  when  firft  raifed  from  their  feeds,  are 
very  fmall,  but  produce  one  or  more  improved  bulbs,  or  improved 
buds  annually,  for  fome  years;  which  differ  from  their  parent  bulbs 
or  buds  in  the  fize,  form,  and  colour  of  their  leaves,  till  it  arrives  at 
its  maturity,  or  acquires  the  power  of  generating  a fexual  progeny  ; 
from  whence  it  appears,  that  the  leaf-buds  of  thofe  trees,  and  the  leaf- 
bulbs  of  thofe  roots,  which  have  acquired  their  puberty,  if  it  may  be 
fo  called;  that  is,  their  power  of  generating  flowers,  are  a more  per- 
fect progeny  than  the  feeds  of  thofe  plants,  as  thefe  latter,  when  fe- 
parated  from  their  parent  either  by  tranfplantation  or  by  ingrafting, 
can  immediately  produce  feeds,  or  a fexual  progeny ; but  the  buds 
from  many  feeds  are  fome  years  before  they  can  produce  feeds.  The 
fame  is  probably  true  of  many  annual  or  biennial  plants,  as  of  wheat; 
which  produce  many  fucceflive  buds  upon  each  other  previous  to  the 
flower-bud,  as  appears  by  the  joints  of  the  Rem  ; all  which  may  be 
eonfidered  as  individual  plants  growing  on  each  other  like  the  annual, 
fucceffion  of  the  buds  of  trees. 

Another  curious  occurrence  in  this  lateral  production  of  vegetables 
by  their  buds  has  been  lately  publifhed  by  Mr.  Knight  in  the  Phih 
Tranf.  fortheyear  1795, who  obferves,  that  thofe  apple-trees,  which 
have  been  continually  propagated  for  above  a century  by  ingrafting,  are 
now  become  fo  difeafed  by  canker,  or  otherwife,  that  though  the  fruit 
continues  of  the  fame  flavour,  the  trees  are  not  worth  propagating;  as 
thefe  grafts,  though  tranfplanted  into  other  trees,  he  efleems  to  be 
ftill  an  elongation  of  the  original  tree,  and  muff  feel  the  effeCt  of  age 
like  the  tree  they  were  taken  from.  If  this  idea  fhould  prove  true 
on  further  examination,  there  is  reafon  to  fufpeCt  the  fame  may  occur 
in  the  too  long  propagation  of  plants  from  bulbs  and  wires,  as  potatoes 
and  ftaaw  berries,  which  may  have  occafioned  the  curled  tops  of  pota— 
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toes,  and  the  black  blight  in  the  flowers  of  the  hautbois  ftrawberry, 
which  fome  have  afcribed  to  its  only  bearing  male  flowers ; the  cure 
of  which  muft  arife  from  our  applying  to  other  varieties  more  lately 
derived  from  a feminal  offspring. 

This  degeneracy  of  trees  or  perennial  herbaceous  plants  propagated 
by  buds  or  root-fcions  is  not  I think  to  be  afcribed  fimply  to  the  age 
of  the  original  feedling-tree,  becaufe  each  fucceffive  generation  of 
buds  or  bulbs  are  as  diftindt  from  the  parent,  as  the  generation  by 
feeds.  But  as  the  lateral  progeny  of  vegetables  have  no  fource  of 
improvement  after  they  have  arrived  at  their  maturity,  but  are  liable 
like  other  plants  and  animals  to  injuries  from  food  and  climate,  which 
injuries  produce  hereditary  difeafes,  it  is  to  this  circumflance  that 
their  degeneracy  ought  rather  to  be  afcribed;  whereas  the  fexual  pro- 
geny of  vegetables  are  liable  to  improvement  by  the  intermixture  of 
the  individuals  of  the  fame,  or  even  of  different  fpecies  to  countera<S 
the  effedfs  of  hereditary  difeafes. 

Another  curious  fimilarity  which  buds  bear  to  their  parent  tree  is 
alfo  obferved  by  Mr.  Knight,  Phil.  Tranf.  for  1795.  Part  II.  p.  292. 
“ Cuttings  from  feedling  apple-trees  of  two  years  old  were  inferted 
on  flocks  of  twenty  years  old,  and  in  a bearing  Bate;  but  thefe  have 
now  been  grafted  nine  years  ; and,  though  they  have  been  frequently 
tranfplanted  to  check  their  growth,  they  have  not  yet  produced  a 
Angle  bloffom.  I have  fince  grafted  fome  very  old  trees  with  cuttings 
from  feedling  apple-trees  of  five  years  old.  Their  growth  has  been 
extremely  rapid,  and  there  appears  no  probability  that  their  time  of 
producing  fruit  will  be  accelerated,  or  that  their  health  will  be  in- 
jured by  the  great  age  of  the  flocks.  A feedling  apple-tree  ufually 
bears  fruit  in  thirteen  or  fourteen  years ; and  I therefore  conclude, 
that  I have  to  wait  for  a bloffom,  till  the  trees,  from  which  the 
grafts  were  taken,  attain  that  age  ; though  I have  reafon  to  believe 
from  the -form  of  their  buds  that  they  will  be  extremely  prolific. 
Every  cutting  therefore  taken  from  the  apple,  and  probably  from 
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every  other  tree,  will  be  affeCted  by  the  Rate  of  the  parent  flock.  If 
that  be  too  young  to  produce  fruit,  it  will  grow  with  vigour,  but  will 
net  bloffom ; and  if  it  be  too  old,  it  will  immediately  produce  fruit, 
but  will  never  make  a healthy  tree,  and  confequently  never  anfwer 
the  intention  of  the  planter. 

“ The  durability  of  the  apple  and  pear  I have  long  fufpe&ed  to  be 
different  in  different  varieties  ; but  that  none  of  either  would  vege- 
tate with  vigour  much,  if  at  all,  beyond  the  life  of  the  parent  flock, 
provided  that  died  from  mere  old  age.  The  oak  is  much  more  long- 
lived  in  the  north  of  Europe  than  with  us,  though  the  timber  is  lefs 
durable  ; the  climate  of  this  country,  being  colder  than  its  native  one, 
may  in  the  fame  way  add  to  the  durability  of  the  elm  ; which  may 
poflibly  be  further  increafed  by  its  not  producing  feeds  in  this  cli- 
mate ; as  the  life  of  many  annuals  may  be  increafed  to  twice  its  na- 
tural period,  if  not  more,  by  preventing  their  feeding.” 

It  is  obferved  above,  that  the  firfl  bulb  of  a tulip  raifed  from  feed 
produces  a more  perfect  bulb  annually  for  five  or  fix  years,  and  perhaps 
more  than  one  lefs^  perfect  ones,  before  it  acquires  the  power  of  ge- 
nerating feeds.  Now  when  this  period  arrives,  if  the  feed-flem  be 
pinched  off,  I fuppofe  that  the  next  year’s  bulb  or  bulbs  will  become 
more  vigorous  or  luxuriant,  and  if  this  be  continued  for  three  or  four 
years  I fufpeCt  the  double  flowers,  which  are  perhaps  owing  to  a more 
luxuriant  growth,  may  be  formed  ; and  that  in  this,  with  fuperfluous 
nourifhment  by  manure,  warmth,  and  moiflure,  confifls  the  art  of 
obtaining  hyacinths,  ranunculus,  and  fometimes  tulips,  with  fuch 
wonderful  multiplication  of  petals  or  ne&aries.  See  SeCt.  XIX.  3.  1. 

4.  The  analogy,  which  exifls  between  this  lateral  production  of 
vegetables  and  that  of  fome  tribes  of  infeCts,  is  worth  inveftigation. 
1.  This  paternal  or  lateral  generation  of  plants,  which  conflitutes  the 
buds  on  the  flems  of  trees,  and  the  feions  on  their  roots,  which  con- 
tinue to  adhere  to  them,  are  fo  far  refembled  by  the  branching  in- 
feCls,  which  form  the  corals  or  corallines  ; and  by  many  other  fea- 
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animals,  as  the  Tea  anemonies,  which  are  faid  to  adhere  to  the  ffiores, 
or  fubmarine  earth,  by  one  extremity,  while  they  pullulate,  or  fpread 
out  by  the  other  into  living 'ramifications  of  unmeafurable  lengths. 

Thofe  who  have  attended  to  the  habits  of  the  polypus,  which  is 
found  in  the  ffagnant  water  of  our  ditches  in  July,  affirm,  that  the 
voung  ones  branch  out  from  the  fide  of  the  parent  like  the  buds  of 
trees  ; and  after  a time  feparate  themfelves  from  them.  This  is  fo 
analogous  to  the  manner  in  which  the  buds  of  trees  appear  to  be  pro- 
duced, that  thefe  polypi  may  be  confidered  as  all  male  animals,  pro- 
ducing embryons,  which  require  no  mother  to  fupply  them  with  a 
nidus,  or  with  nutriment  and  oxygenation. 

Secondly,  this  paternal  or  lateral  vegetable  progeny  is  beautifully 
feen  in  the  wires  of  knot-grafs,  polygonum  aviculare.;  and  in  thofe  of 
Jftrawberries,  fragaria  vefca  ; and  in  the  roots  of  potatoes.  The  la- 
teral generation  of  thefe  plants  by  wires,  while  each  new  plant  is 
thus  chained  to  its  parent,  and  continues  to  put  forth  another  and 
another,  as  the  wire  creeps  onward  on  or  beneath  the  ground,  is  ex- 
adtly  refembled  by  the  tape- worm,  or  taenia,  fo  often  found  in  the 
bowels,  ftretching  itfelf  in  a chain  quite  from  the  Ilomach  to  the 
redtum.  Linneus  afferts,  “ that  it  grows  old  at  one  extremity,  while 
it  continues  to  generate  young  ones  at  the  other,  proceeding  ad  infi- 
nitum, like  a root  of  grafs.  The  feparate  joints  are  called  gourd- 
worms,  and  propagate  new  joints  like  the  parent  without  end,  each 
joint  being  furniffied  with  its  proper  mouth  and  organs  of  digeftion.” 
Syftema  Naturae,  vermes,  teniav  In  this  animal  there  evidently  ap- 
pears a power  of  reproduction  without  any  maternal  apparatus  for 
the  purpofe  of  fupplying  nutriment  and  oxygenation  to  the  embryon, 
as  it  remains  attached  to  its  father  till  its  maturity,  and  in  this  refpedt 
exadtly  refembles  the  lateral  generation  of  vegetables. 

5.  This  fubjedt  of  the  lateral  production  of  vegetables  from  male 
parents  without  the  intervention  of  a female  is  further  refembled  by 
the  innumerable  progeny  of  the  aphis,  which  rifes  from  an  egg  in  the 
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fpring,  as  a vegetable  rifes  from  a feed,  and  produces  a viviparous 
offspring  for  many  generations  like  the  fucceffive  buds  of  a feedling 
apple-tree,  or  of  a feedling  tulip ; and  then  it  generates  both  males 
and  females,  which  copulate  and  depofit  eggs,  like  the  anthers  and 
ftigmas  of  flowers,  and  their  confequent  feeds  ; which  at  length  ap- 
pear on  feedling  apple-trees  and  on  feedling  tulips  ; as  is  further 
fpoken  of  in  SeCt.  IX.  2.  7.  and  XIV.  1.  6. 

6.  Whence  I conclude,  that  in  fexual  viviparous  generation  the 
new  entity,  orembryon,  is  fecreted  by  the  male,  and  received  into  a 
nidus  prepared  for  it  by  the  female,  and  nourifhed  by  fluids  fecreted 
into  the  uterus,  as  they  are  required,  which  is  probably  owing  to  the 
ftimulus  of  the  fetus  againft  the  fides  of  it ; that  in  fexual  oviparous 
generation  a refervoir  of  nutriment  is  prepared,  and  inclofed  in  the 
egg,  previous  to  the  reception  of  the  embryon,  which  is  fecreted  by 
the  male,  and  depofited  in  this  refervor  of  nutriment ; becaufe  the 
fetus  in  thefe  animals  is  to  be  feparated  from  the  parent  before  its  due 
maturity ; and  the  egg,  in  which  it  is  inclofed,  may  be  confidered  as 
an  uterus,  or  womb,  feparated  from  the  mother.  And  Jaftly,  that 
in  paternal  or  male  generation  the  new  entity,  or  embryon,  is  as  cer- 
tainly fecreted  from  a gland  of  the  male,  but  probably  remains  in  an 
adapted  refervoir  belonging  to  this  gland,  correfpondent  to  the  ve- 
flculs  feminales  of  moll:  viviparous  animals,  and  that  here  it  exifts 
like  the  cicatricula  in  the  egg,  and  has  a refervoir  of  nutriment  pre- 
pared for  it  like  that  in  the  egg  to  fupport  it ; when  the  paternal 
leaf-bud  by  its  death  is  feparated  from  it  in  the  autumn,  as  the  egg  is 
feparated  from  its  living  mother. 

7.  The  production  of  buds  in  the  axilla  of  every  leaf  may  thus  be 
eafily  conceived,  as  the  new  buds  are  furnifhed  with  their  caudexes 
or  bark-filaments  over  thofe  of  their  dead  parents,  which  fhoot  out 
root- fibres  beneath  in  the  enfuing  fpring,  and  that  I fuppofe  both  in 
deciduous  plants  and  in  evergreens  ; as  in  the  latter  alfo  I believe  the 

strent  leaf-bud  annually  falls  off,  though  not  by  the  immediate  in- 

O 2 fluence 


100 


ORGANS  OF 


Sect.  VII.  i.  j. 


fluence  of  the  cold  of  autumn.  But  how  long  a twig  or  fcion  of  leaves,, 
as  in  the  vine  or  willow,  fucceed  each  other,  fome  producing  em- 
bryon  buds  in  their  bofoms  before  others  become  expanded,  is  not 
eafy  to  underftand ; but  the  embryons  of  all  thefe  new  leaves,  though 
not  of  the  buds  in  their  bofoms,  probably  exifled  in  the  paternal  womb,, 
though  in  different  degrees  of  maturity,  which  accords  with  the  ob-^ 
fervations  of  fome  naturalifts  on  the  fucceflive  generations  of  the  voL- 
vox  globator,  which  Linneus  afferts  to  be  diaphanous,  and  that  it  car- 
ries within  itfelf  fons  and  grandfons  to  the  fifth  generation,  but  which 
are  probably  living  fetufes  produced  by  the  father,  of  different  degrees 
of  maturity,  and  to  be  detruded  at  different  periods  of  time  like  the 
unimpregnated  eggs  of  various  fizes,  which  are  found  in  poultry.  See 
Zoonomia,  Vol.  I.  Seft.  XXXIX.  z.  and  Linnei  Syflem.. Natura* 
Vermes.  Volvox. 

In  fome  trees  however,  as  in  the  vine,  vitis,  and  in  many  herbace- 
ous plants,  as  in  wheat,  fouthiftle,  teafel,  triticum,  fonchus,  dypfacus, 
each  fucceflive  joint  of  the  plant  is  evidently  an  individual  vegetable 
being  ; becaufe  the  pith,  which  conftitutes  the  brain  or  fpinal  marrow 
of  each  individual,  terminates  at  every  joint  by  a divifion,  as  fpoken  of 
in  Se<ft  I.  8.  whence  in  thefe  vegetables  every  fucceflive  joint  appears 
to  be  produced  by  that  beneath  it ; whereas  where  there  is  no  divifion 
of  the  pith,  the  twig  feems  to  be  fimply  an  elongation  of  the  caudex 
of  the  leaf-bud,  like  the  wites  of  flrawberries  and  other  creeping 
plants. 

It  fhould  neverthelefs  be  added,  that  there  are  many  hermaphrodite 
infe&s,  as  fhell-fnails  and  dew-worms,  which  contain  both  male  and 
female  organs  of  generation  and  as  they  are  perpetually  feen  to  co- 
pulate with  each  other,  it  is  believed,  that  they  can  not  impregnate 
themfelves.  Now  it  may  be  conceived,  that  the  buds  of  trees  poffefs 
both  male  and  female  organs  of  generation,  and  that  they  can  impreg- 
nate themfelves,  and  that  thus  the  new  buds  might  be  termed  an 
hermaphrodite  offspring  rather  than  a paternal  one.  This  would 
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however  produce  a confufion  of  terms,  as  the  eggs  of  fnails  and  of 
worms,  as  mentioned  above,  are  properly  an  hermaphrodite  off* 
fpring. 

Another  circumftance  occurs  in  this  paternal  generation,  which  dif- 
fers from  that  of  thofe  hermaphrodite  infers  above  alluded  to,  which 
is,  that  though  in  vegetables  the  new  embryon  is  generally  produced 
in  the  bofom  of  the  leaf-flalk,  which  is  believed  to  be  its  parent ; yet 
new  buds  are  occafionally  protruded  from  almofl  any  part  of  the  bark, 
when  the  fummit  of  a branch  is  taken  off,  or  the  fide  branches  of  a 
tree,  fo  as  to  admit  light  and  air,  and  a fupply  of  more  nutriment  1 
whence  it  would  feem,  that  though  hermaphrodite  infeCts  poffefs  but 
one  male  and  one  female  apparatus  for  the  production  and  reception 
of  the  new  entity  or  embryon,  yet  that  in  paternal  generation  the  pro- 
lific fluid  is  occafionally  fecreted  in  any  part  of  the  caudex  of  each  in- 
dividual bud  from  its  fummit  on  the  branch  of  a tree  to  its  termina- 
tion in  the  root ; and  that  wherever  a proper  nidus  can  be  found, 
which  is  fupplied  with  nutriment,  and  expofed  to  light  and  air,  that 
there  the  new  embryon  can  adhere  and  grow  ; although  this  occurs 
moft  conveniently,  and  thence  moft  frequently,  in  the  bofom  of  the 
leaf-flalk,  where  the  prolific  fluid  is  probably  firft  fecreted,  and  the 
nutriment  moft  copioufly  fupplied  from  the  vegetable  blood  newly 
oxygenated  in  the  leaf.  In  this  I fuppofe  to  confift  the  great  differ- 
ence between  paternal  and  fexual  generation  ; and  that  this  mode  of 
reproduction  forms  an  exception  to  the  general  axiom  of  the  great 
Harvey,  “ all  things  from  eggs.’* 

The  exiftence  of  a power  of  generation  in  every  part  of  the  caudex 
of  a vegetable  bud  from  the  fummit  to  the  root  is  not  only  fhewn  by 
the  new  buds,  which  grow  on  the  trunks  of  trees,  which  were  felled 
in  the  fpring,  but  alfo  from  a curious  circumftance  which  occurs  in 
ingrafted  trees  5 which  is,  that  whenever  after  many  years-  any  new 
buds  or  fcions  grow  from  the  flock  beneath  the  graft,  it  is  always, 
fimilar  to  the  parent  flock,  and  not  to  the  ingrafted  fcion  1 which. 
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(hews,  that  this  new  bud  was  generated  in  the  old  flock,  and  not 
that  it  was  owing  to  an  abforption  and  depofition  of  a prolific  fluid 
fecreted  in  any  part  of  the  ingrafted  head.  It  muft  however  be  re- 
membered, that  the  caudex  of  each  bud  extends  from  the  leaf-ffalk 
to  the  root,  whether  it  be  a Ample  caudex  as  in  a feedling  tree,  or 
a compound  one  as  in  a grafted  tree  ; and  that  the  generation  of  new 
buds  in  perennial  herbaceous  plants  exifls  in  every  part  of  the  broad 
caudex  on  the  root,  as  it  does  here  in  every  part  of  the  long  caudex 
on  the  trunk.  Nothing  known  in  the  animal  world  refembles  this 
univerfality  of  the  generative  faculty  throughout  almofl  the  whole 
of  an  individual  vegetable  being,  except  the  number  of  new  polypi 
faid  to  arife  at  the  fame  time  from  different  parts  of  the  fame  indi- 
vidual animal. 

Wherever  the  new  vegetable  embryons  are  fecreted,  they  alfo 
find  a fituation  or  uterus,  where  they  can  adhere  and  be  nourifhed  to 
almofl  any  number-;  which  however  is  not  unfupported  by  fome 
analogy  even  in  viviparous  animals  ; as  there  have  been  many  in- 
flances  of  extra-uterine  fetufes,  which  have  attached  or  inferted  their 
veffels  into  the  peritoneum,  or  on  the  vifcera  of  the  mother,  in  the 
fame  manner  as  they  naturally  attach  or  infert  them  into  the  tides  of 
the  true  uterus.  And  in  refpeft  to  the  number  of  uteri  produced  we 
may  recolledl  the  number  of  eggs,  and  of  fifh-fpawn,  or  frog-fpawn, 
or  of  feeds,  which  may  all  be  termed  fo  many  diflindt  uteri,  as  they 
contain  every  thing,  which  is  found  in  the  uteri  of  viviparous  ani- 
mals. 

The  aphis,  and  probably  many  other  infedls,  poffefs  both  the  fo- 
litary  and  fexual  mode  of  propagation,  as  is  poffeffed  by  mofl  veget- 
ables ; but  the  polypus  and  tenia,  and  hydra  flentorea,  and  volvox, 
appear  only  to  be  reproduced  by  the  folitary  or  lateral  generation  ; and 
it  is  probable  that  the  truffle  amongfl  vegetables,  and  fome  fub- 
marine  plants,  and  others  of  the  clafs  cryptogomia,  whole  feeds 
have  not  been  yet  difcovered,  may  flill  be  only  propagated  by  the 

lateral 


Sect.  VII.  2.  1. 


REPRODUCTION. 


105 

lateral  mode  of  reproduction,  as  is  well  obferved  in  an  ingenious 
work  by  a lady  of  very  accurate  botanic  knowledge,  called  “ Botanic 
Dialogues,  defigned  for  the  ufe  of  fchools,”  one  volume  oCtavo, 
Johnfon,  London  ; but  which  may  be  ftrongly  recommended  to  the 
adult  in  botany  as  containing  much  ufeful  information  agreeably 
imparted. 

This  curious  fubjeCt  of  lateral  or  folitary  generation  is  well  worthy 
more  accurate  inveftigation,  as  it  is  the  flmpleft,  and  was  probably 
the  firft  mode  of  reproduction  which  exifted ; and  if  any  accurate 
knowledge  can  ever  be  acquired  of  animal  generation,  it  will  poflibly 
occur  from  a more  nice  attention  to  the  production  of  the  buds  and 
bulbs  of  vegetables  ! which  is  further  fpoken  of  in  SeCt.  IX.  2 and  3. 
At  the  fame  time  it  mud:  be  obferved,  that  the  fexual  reproduction  is 
the  chef  d*ouvre,  the  matter-piece  of  nature,  as  by  the  paternal  or 
lateral  reproduction  the  fame  fpecies  only  are  propagated  ad  infinitum ; 
whereas  by  the  fexual  mode  of  reproduction  a countlefs  variety  of 
animals  are  introduced  into  the  world,  and  much  pleafure  is  afforded 
to  thofe,  which  already  exift  in  it. 

II.  SEXUAL  PROGENY. 

i.  We  come  now  to  the  feminal  mode  of  the  production  of  vege- 
tables,  which  originates  from  the  congrefs  of  the  male  and  female 
parts  of  flowers,  and  may  be  therefore  termed  the  fexual  or  amatorial 
progeny  of  vegetation. 

From  the  accurate  experiments  and  obfervations  of  Spallanzani  it 
appears,  that  in  the  Spartium  Junceum,  rufh-broom,  the  very  mi- 
nute feeds  were  difcerned  in  the  pod  at  leaft  twenty  days  before  the 
flower  is  in  full  bloom  ; that  is,  twenty  days  before  fecundation.  At 
this  time  alfo  the  powder  of  the  anthers  was  vifible,  but  glued  faft  to 
their  fummits.  The  feeds  however  at  this  time,  and  for  ten  days 
after  the  bloffom  had  fallen  off,  appeared  to  confifl  of  a gelatinous 
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fiubRance.  O11  the  eleventh  day  after  the  falling  of  the  blofibm  the 
feeds  became  heart  fhaped,  with  the  bafis  attached  by  an  appendage 
to  the  pod,  and  a white  point  at  the  apex ; this  white  point  was  on 
prelfure  found  to  be  a cavity  including  a drop  of  liquor. 

On  the  twenty-fifth  day  the  cavity,  which  at  firft  appeared  at  the 
apex,  was  much  enlarged,  and  Hill  full  of  liquor  ; it  alfo  contained  a 
very  fmall  femi-tranfparent  body  of  a yellowifh  colour,  gelatinous, 
and  fixed  by  its  two  oppofite  ends  to  the  fides  of  the  cavity. 

In  a month  the  feed  was  much  enlarged,  and  its  Ihape  changed 
from  a heart  to  a kidney  ; the  little  body  contained  in  the  cavity  was 
increafed  in  bulk,  and  was  lefs  tranfparent,  and  gelatinous,  but  there 
yet  appeared  no  organization. 

On  the  fortieth  day  the  cavity  now  grown  larger  was  quite  filled 
with  the  body,  which  was  covered  with  a thin  membrane;  after  this 
membrane  was  removed,  the  body  appeared  of  a bright  green,  and 
was  eafily  divided  by  the  point  of  a needle  into  two  portions,  which 
manifefily  formed  the  two  lobes ; and  within  thefe  attached  to  the 
lower  part  the  exceedingly  fmall  plantule  was  eafily  perceived. 

The  foregoing  obfervations  evince,  1.  That  the  feeds  exifi  in  the 
ovarium  many  days  before  fecundation.  2.  That  they  remain  for  fome 
time  folid,  and  then  a cavity  containing  a liquid  is  formed  in  them. 
3.  That  after  fecundation  a body  begins  to  appear  within  the  cavity 
fixed  by  two  points  to  the  fides,  which  in  procefs  of  time  proves  to 
be  two  lobes  containing  a plantule.  4.  That  the  ripe  feed  confifis  of 
two  lobes  adhering  to  a plantule,  and  furrounded  by  a thin  membrane, 
which  is  itfelf  covered  with  a hulk  or  cuticle.  Spallanzani’s  Diflerta- 
tions,  Vol.  II.  p.  253. 

The  analogy  between  feeds  and  eggs  has  long  been  obferved,  and 
is  confirmed  by  the  mode  of  their  production.  The  egg  is  known 
to  be  formed  within  the  hen  long  before  its  impregnation.  C.  F. 
Wolf  aflerts.,  that  the  yolk  of  the  egg  is  nouriflied  by  the  veflels  of 
the  mother,  and  that  it  has  from  thofe  its  arterial  and  venous  branches; 
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but  that  after  impregnation  thefe  veflels  gradually  become  imper- 
vious and  obliterated  ; and  that  new  ones  are  produced  from  the  fetus, 
and  difperfed  into  the  yolk.  Haller’s  Phyfiol.  Tom.  VIII.  p.  94.  The 
young  feed  after  fecundation  I fuppofe  is  nourifhed  in  a fimilar  man- 
ner from  the  gelatinous  l+quor,  which  is  previoufly  depofited  for  that 
purpofe ; the  uterus  of  the  plant  producing  or  fecreting  it  into  a re- 
fervoir  or  amnios,  in  which  the  embryon  is  lodged ; and  that  the 
young  embryon  is  furnifhed  with  veflels  to  abforb  a part  of  it,  as  in 
the  very  early  Rate  of  the  embryon  in  the  egg. 

Another  curious  analogy  feems  to  exifl  between  the  embryon  of 
the  feed  and  of  the  egg  in  their  mode  of  fufpenfion.  The  cicatricula 
of  the  egg  reRs  on  the  yolk,  which  is  fufpended  by  two  points,  called 
chalazae,  fomewhat  above  its  center  of  gravity  whence,  however  the 
egg  is  moved,  this  embryon  is  always  kept  upwards,  probably  the 
better  to  receive  the  warmth  of  the  mother  during  incubation.  The 
feed-embryon  feems  to  be  fupported  in  the  fame  manner  by  the  above 
relation  of  Spallanzani  by  two  points,  and  may  thus  receive  a greater 
warmth  from  the  fummer  fun. 

2.  The  feeds  are  thus  produced  in  their  unimpregnated  Rate  in  the 
vegetable  uterus,  and  nouriflied  by  the  flower-bud,  which  was  formed 
in  the  deciduous  trees  of  this  climate  during  the  preceding  fummer, 
and  which  now  puts  forth  the  brakes,  or  floral-leaves,  for  the  oxy- 
genation of  its  blood  ; and  protrudes  its  roots  and  abforbents  into  the 
ground  from  the  lower  part  of  its  caudex,  for  the  purpofe  of  acquir- 
ing nourifhment  j and  on  the  fummit  of  this  fexual  apparatus  are  at 
the  fame  time  produced  the  corol  and  nectaries  of  the  flower,  with  the 
flamens,  and  Rigmas,  which  are  evidently  defigned  to  give  fecunda- 
tion to  the  vegetable  feeds,  or  eggs,  previoufly  depofited  in  the  peri- 
carp or  uterus  ; becaufe,  as  foon  as  thefe  are  impregnated,  the  corol 
and  ne&aries,  with  the  Ramens,  and  Rigmas,  fall  off  and  difappear. 

The  anthers  have  been  proved  by  many  experiments  to  be  necef- 
fary  to  the  fecundation  of  the  vegetable  feeds  by  the  farina,  or  dufl, 
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which  they  difperfe,  and  which  adheres  to  the  moift  ftigma  on  the 
fummit  of  the  ftyle  or  pericarp.  The  amatorial  attachment  between 
thefe  ftigmas  and  the  anthers  on  the  fummits  of  the  ftamens  has  at- 
traded  the  notice  of  all  botanifts.  In  many  flowers  the  anthers  or 
males  bend  into  contact  with  the  ftigmas  or  females,  as  in  kalmia, 
fritillaria  perfica,  parnafiia,  cadus,  and  ciftus.  In  the  kalmia  the  ten 
Ramens  lie  round  the  piflil,  like  the  radii  of  a wheel,  and  each  anther 
is  concealed  in  a nich  of  the  corol  to  protect  it  from  cold  and  moif- 
ture  ; thefe  anthers  rife  feparately  from  their  niches,  and  approach 
the  ftigma  of  the  piftil  for  a time,  and  then  recede  to  their  former 
fttuations.  In  the  fritillaria  perfica  the  fix  ftamens  are  of  equal 
lengths,  and  the  anthers  lie  at  a diftance  from  the  piftil ; of  thefe 
three  alternate  ones  approach  firft,  and  furround  the  female  ; and 
when  thefe  decline,  the  other  three  approach  ; and  in  parnafiia  the 
males  alternately  approach  and  recede  from  the  female ; and  laftly 
in  the  moft  beautiful  flowers  of  cadus  grandiflorus,  and  of  ciftus  lab- 
daniferus,  where  the  males  are  very  numerous,  fome  of  them  are 
perpetually  bent  into  contad  with  the  female ; and  as  they  recede, 
others  advance. 

In  other  flowers  the  females  bend  into  contad  with  the  males,  as 
in  nigella,  epilobium,  fpartium,  collinfonia.  In  nigella,  devil  in  the 
bufii,  the  females  are  very  tall  compared  to  the  males,  and  bending 
down  over  them  in  a circle,  give  the  flower  fome  refemblance  to  a 
regal  crown.  The  female  of  the  epilobium  anguftifolium,  willow- 
herb,  bends  down  amongft  the  males  for  feveral  days,  and  becomes 
upright  again  when  impregnated.  In  the  fpartium  fcoparium,  com- 
mon broom,  the  males  or  ftamens  are  in  two  fets,  one  fet  rifing  a 
quarter  of  an  inch  above  the  other.  The  upper  fet  does  not  arrive 
at  their  maturity  fo  foon  as  the  lower ; and  the  ftigma,  or  head  of 
the  female,  is  produced  amongft  the  upper  or  immature  fet.  But  as 
foon  as  the  piftil’  grows  tall  enough  to  burft  open  the  keel-leaf,  or  head 
of  the  flower,  it  bends  itfelf  round  in  an  inftant  like  a French  horn, 
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and  inferts  its  head,  or  ftigma,  amongft  the  lower  or  mature  fet  of 
males.  The  piftil  or  female  then  continues  to  grow  in  length  ; and 
in  a few  days  the  ftigma  arrives  again  amongft  the  upper  fet,  by  the 
time  they  become  mature.  This  wonderful  contrivance  is  readily 
feen  by  opening  the  keel-leaf  of  the  flowers  of  broom,  before  they 
burft  fpontaneoufly.  And  laftly,  in  the  collinfonia  the  two  males 
widely  diverging  from  each  other,  the  female  bends  herfelf  into  con- 
tadl  firft  with  one  of  them  ; and  after  a day  or  two  leaves  this,  and 
applies  herfelf  to  the  other  ; the  anther  of  which  was  not  mature  fo 
foon  as  the  former.  See  Seft.  VIII.  8.  of  this  work. 

Dr.  Pefchier  of  Geneva  thinks,  he  has  difcountenanced  this  idea  of 
amatorial  fenfibility  of  vegetables  by  two  experiments,  which  are  re- 
lated in  Journal  de  Phyfique  de  Lametherie,  T.  II.  p.  343.  One  of 
thefe  confifted  of  his  tying  down  the  ftigma  of  epilobium  anguftifo- 
lium,  and  yet  in  due  time  the  anthers  burft  and  flhed  their  pollen,  and 
thus  committed  a kind  of  vegetable  Onanifm  ; and  alfo  that  he  caf- 
trated  the  ftamens  of  this  flower,  and  yet  the  ftigma  opened  and  arofe, 
as  if  the  anthers  had  been  prefent.  The  other  experiment  confifted 
in  his  confining  a branch  of  barbery,  berberis,  in  a glafs,  and  fubjedt- 
ing  the  ftamina  of  the  flowers  to  the  vapour  of  nitrous  acid,  which 
by  this  ftimulus  arofe  from  their  petals  to  the  ftigma,  and  after  a few 
minutes  again  retired  to  their  petals.  Both  thefe  experiments  rather 
feem  to  confirm  than  to  enfeeble  the  analogy  between  plants  and 
animals  ; as  the  amatorial  motions  of  thefe  flowers  were  thus  pro- 
duced by  internal  or  external  ftimuli,  as  in  the  healthy  or  difeafed 
ftates  of  animals. 

Another  mode,  in  which  the  prolific  duft  is  difperfed,  is  by  the 
burfting  of  the  anther,  and  its  confequent  diffufion  in  air,  either  fo 
as  to  make  a cloud  near  the  females,  which  exift  in  the  fame  flower, 
or  on  the  fame  plant,  which  is  the  moft  ufual  manner ; or  by  its 
being  carried  by  the  winds  to  a greater  diftance,  as  in  the  flowers  of 
the  clafs  monoecia,  or  one  houfe.  So  in  urtica,  nettle,  the  male 
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flowers  are  feparate  from  the  female,  and  the  anthers  are.  feen  in  fair 
weather  to  burft  with  force,  and  to  difcharge  their  duft,  which  ho- 
vers about  the  plant  like  a cloud. 

In  plants  of  the  clafs  dicecia,  or  two  houfes,  the  fecundating  farina 
is  carried  to  the  diftance  of  many  miles  by  the  winds,  as  has  been 
proved  by  the  impregnation  of  fome  female  date  trees^  which  were  at 
a great  diftance  from  the  male  ones.  And  the  male  flowers  them- 
felves  of  vallifneria  are  carried  many  miles  down  the  rivers,  which  it 
inhabits,  to  the  female  ones.  This  plant  has  its  roots  at  the  bottom 
of  the  Rhone;  the  flowers  of  the  female  plant  float  on  the  furface  of 
the  water,  and  are  furnilhed  with  an  elaftic  fpiral  ftalk,  which  ex- 
tends or  contracts,  as  the  water  rife's  and  falls.  The  flowers  of  the 
male  plant  are  produced  under  water,  and  as  foon  as  their  farina,  or 
dull:,  is  mature,  they  detach  themfelves  from  the  plant,  and  rife  to 
the  furface,  continue  to  flourifh,  and  are  wafted  by  the  air,  or  borne 
by  the  currents,  to  the  female  flowers.  In  this  refembling  thofe 
tribes  of  infeCts,  where  the  males  at  certain  feafons  acquire  wings,  but 
not  the  females,  as  ants,  coccus,  lampyris,  phalaena,  brumata,  licha- 
nella.  See  vallifneria  in  the  Families  of  Plants,  tranflated  from  Lin- 
neus.  Johnfon,  London. 

The  plants,  which  grow  in  the  air,  are  frequently  injured  in  wet 
feafons  by  the  moifture  occafioning  the  cells  of  the  anthers,  which 
contain  the  fecundating  farina,  to  burft,  and  to  fhed  it  on  the  ground. 
To  which  a fcarcity  of  the  quantity  of  wheat,  or  an  imperfection  of 
its  fecundating  quality,  and  the  uftilago,  or  fmut,  have  rationally  been 
afcribed,  as  its  anthers  are  expofed  on  long  filaments  to  the  weather* 
On  this  account  many  flowers  clofe  their  corols  before  rain,  and  the 
aquatic  plants  of  rivers  perform  their  impregnations  in  the  air.  But 
M.  Bonnet  remarks  another  method  of  the  difperfion  of  the  fecun- 
dating influence  of  fome  marine  plants,  in  which  the  male  organ  does 
not  project  a fine  powder,  but  a liquor,  which  forms  a perceptible 
cloud  in  the  water ; and  adds,  that  the  male  falamander  darts  his 
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femen  into  the  water,  where  it  forms  a whitifh  cloud,  which  is  af- 
terwards received  by  the  fwollen  anus  of  the  female,  and  (he  be- 
comes impregnated.  Nor  is  this  vegetable  impregnation  in  water 
unanalogous  to  other  animal  impregnations,  as  the  fpawn  of  frogs  and 
of  fifh  is  delivered  from  the  female  before  it  is  fecundated;  and  its 
fecundation  is  feen  to  fucceed  in  water ; and  Spallanzani  found,  that 
the  feminal  fluid  even  of  dogs,  as  well  as  of  frogs,  retained  its  pro- 
lific quality  when  diluted  with  much  water.  Bonnet’s  CEuvres  Phi- 
lof.  in  a letter  to  Spallanzani. 

3.  The  other  parts,  which  rife  on  the  edge  of  the  pericarp,  and  ex- 
pand themfelves  before  the  impregnation  of  the  feed,  are  the  corol 
and  neftaries.  The  former  of  thefe  has  been  (hewn  to  be  a refpiratory 
organ  for  the  purpofe  of  oxygenating  the  blood  to  a greater  degree 
than  in  the  green  foliage,  as  it  is  there  expofed  to  the  air  beneath  a 
finer  pellicle,  and  acquires  variety  of  colours.  See  Se£t.  IV.  5.  1.  to 
which  may  be  added,  that  as  the  corol  in  helleborus  niger,  Chrifl- 
mas  rofe,  changes  after  the  fecundation  of  the  feed  into  a calyx,  lof- 
ing  its  white  colour,  and  becoming  green.  So  in  many  flowers  the 
calyx  falls  off  along  with  the  corol ; in  thefe  it  fhould  be  efteemed  a 
part  of  or  appendage  to  the  corol ; whereas  thofe  calyxes,  which  are 
permanent  after  the  corol  falls  off,  are  properly  parts  of  the  pericarp 
or  vegetable  uterus. 

4.  The  ne&ary,  or  honey-cup,  is  evidently  an  appendage  to  the 
corol,  add  is  the  refervoir  of  the  honey,  which  is  fecreted  by  an  ap- 
propriate gland  from  the  blood  after  its  oxygenation  in  the  corol,  as 
mentioned  in  Sedt.  IV.  5.  5.  and  is  abforbed  for  nutriment  by  the 
fexual  parts  of  the  flower.  This  purpofe  however  has  as  yet  efcaped 
the  refearches  of  philofophical  botanifts.  M.  Pontedera  believes  it 
defigned  to  lubricate  the  vegetable  uterus.  (Antholog.  p.  49.)  Others 
have  fuppofed,  that  the  honey,  when  reabforbed,  might  ferve  the  pur- 
pofe of  the  liquor  amnii,  or  white  of  an  egg,  as  a nutriment  for  the 
young  embryon,  or  fecundated  feed,  in  its  early  Rate  of  exiftence. 

But 
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But  as  the  nectary  is  found  equally  general  in  male  flowers  as  in  fe- 
male ones,  and  as  the  young  embryon,  or  feed,  grows  before  the 
petals  and  neClary  are  expanded,  and  after  they  fall  off;  thefe  feem 
to  be  infurmountable  objections  to  both  the  above-mentioned  opi- 
nions. 

In  many  tribes  of  infeCts,  as  the  filk-worm,  and  perhaps  in  all  the 
moths  and  butterflies,  the  male  and  female  parents  die,  as  foon  as  the 
eggs  are  impregnated  and  excluded,  the  eggs  remaining  to  be  per- 
fected and  hatched  at  fome  future  time.  The  fame  thing  happens  to 
the  male  and  female  parts  of  flowers  ; the  anthers  and  filaments, 
which  conflitute  the  male  parts  of  the  flower,  and  the  fligma  and 
ftyle,  which  conflitute  the  fenfitive  or  amatorial  organ  of  the  female 
part  of  the  flower,  fall  off  and  die,  as  foon  as  the  feeds  are  impreg- 
nated, and  along  with  thefe  the  petals  and  neCtary.  Now  the  moths 
and  butterflies  above  mentioned,  as  foon  as  they  acquire  the  paflion 
and  the  apparatus  for  the  reproduction  of  their  fpecies,  lofe  the  power 
of  feeding  upon  leaves,  as  they  did  before,  and  become  nourifhed  by 
what  ? — by  honey  alone. 

Hence  we  acquire  a ftrong  analogy  for  the  ufe  of  the  neCtary,  or 
fecretion  of  honey,  in  the  vegetable  economy ; which  is,  that  the 
male  parts  of  flowers,  and  the  female  parts,  as  foon  as  they  leave  their 
fetus-flate,  expanding  their  petals,  (which  conflitute  their  lungs)  be- 
come fenfible  to  the  paflion,  and  gain  the  apparatus,  for  the  repro- 
duction of  their  fpecies  ; and  are  fed  and  nourilhed  with  honey  like 
the  infeCts  above  deferibed ; and  that  hence  the  neCtary  begins  its 
office  of  producing  honey,  and  dies  or  ceafes  to  produce  honey,  at 
the  fame  time  with  the  birth  and  death  of  the  anthers  and  the  fti£- 
mas ; which,  whether  exifting  in  the  fame  or  in  different  flowers, 
are  feparate  and  diftinCt  animated  beings. 

Previous  to  this  time  the  anthers  with  their  filaments,  and  the 
ftigmas  with  their  ftyles,  are  in  their  fetus-flate  fuftained  in  fome 
plants  by  their  umbilical  veflels,  like  the  unexpanded  leaf-buds,  as  in 
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colchicum  autumnale,  and  daphne  mezereon  ; and  in  other  plants 
by  the  braCtes,  or  floral-leaves,  as  in  rhubarb,  which  are  expanded 
long  before  the  opening  of  the  flower ; the  feeds  at  the  fame  time 
exifting  in  the  vegetable  womb  yet  unimpregnated,  and  the  dull:  yet 
unripe  in  the  cells  of  the  anthers.  After  this  period  the  petals  become 
expanded,  which  have  been  {hewn  to  conftitute  the  lungs  of  the 
flowerj  the  umbilical  velfels,  which  before  nouriflied  the  anthers  and 
the  ftigmas,  coalefce,  or  ceafe  to  nourifh  them  ; and  they  acquire 
blood  more  oxygenated  by  the  air,  obtain  the  paffion  and  power  of 
reproduction,  are  fenfible  to  heat,  and  light,  and  moifture,  and  to  me- 
chanic ftimulus,  and  become  in  reality  infeCts  fed  with  honey  ; fimi- 
lar  in  every  refpeCt  except  that  all  of  them  yet  known  but  the 
male  flowers  of  vallifneria,  continue  attached  to  the  plant,  on  which 
they  are  produced. 

So  water  infeCts,  as  the  gnat,  and  amphibious  animals,  as  the  tad- 
pole, acquire  new  aerial  lungs,  when  they  leave  their  infant  ftate  for 
that  of  puberty.  And  the  numerous  tribes  of  caterpillars  are  fed  upon 
the  common  juices  of  vegetables  found  in  their  leaves,  till  they  ac- 
quire the  organs  of  reproduction  ; and  then  they  feed  on  honey,  all 
1 believe  except  the  filk-worm,  which  in  this  country  takes  no  nou- 
rifhment  after  it  becomes  a butterfly.  And  the  larva  or  maggot  of  the 
bee,  according  to  the  obfervations  ^of  Mr.  Hunter,  is  fed  with  raw 
vegetable  matter,  called  bee-bread,  which  is  collected  from  the  an- 
thers of  flowers,  and  laid  up  in  cells  for  that  purpofe,  till  the  maggot 
becomes  a winged  bee,  acquires  greater  fenfibility,  and  is  fed  with 
honey.  Phil.  Tranf.  1792. 

Laftly,  though  the  filaments  and  ftyle,  as  well  as  the  corolla  and 
neCtary,  belong  to  the  fexual  organs  of  vegetables  ; yet  it  is  the  an- 
thers alone  of  the  ftamina,  and  ftigmas  alone  of  the  piftilla,  which 
polfefs  the  power,  and  I luppofe  the  pafiion  of  reproduction,  as 
appears  from  the  mutilated  filaments  of  many  flowers,  as  of  curcuma, 
of  linum  or  flax  of  this  country,  of  gratiola,  and  hemlock-leaved  ge- 
ranium. 
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ranium,  which  have  half  their  ftamina  unterminated  by  anthers,  and 
in  confequence  produce  no  prolific  farina.  And  fecondly,  from  the 
florets,  which  form  the  rays  of  the  flowers  of  the  order  fruftraneous 
polygamy  of  the  clafs  fyngenefia,  as  the  fun-flower,  which  are  fur- 
nifhed  with  a ftyle  only,  and  no  fligma,  and  are  thence  barren.  There 
is  alfo  a ftyle  without  a fligma  in  the  whole  order  of  dioecia  gynan- 
dria,  the  male  flowers  of  which  are  thence  barren,  and  fhews  the 
neceffity  of  the  exiftence  of  the  fligma  to  the  fecundation  of  the  ve- 
getable uterus,  probably  owing  to  its  amatorial  action  in  conveying 
the  living  principle  to  the  included  feeds  like  the  fallopian  tubes  of 
the  animal  womb. 

5.  The  feeds  are  produced  in  the  pericarp,  and  at  firft  acquire  nu- 
triment by  the  umbilical  veflels  previous  to  their  fecundation,  like  the 
unexpanded  leaf-buds  ; and  then  by  the  caudex  down  the  bark  with 
its  radicles,  which  is  oxygenated  by  the  braCtes,  or  floral-leaves,  as 
foon  as  thefe  are  expanded,  they  afterwards  become  in  one  day  im- 
pregnated in  fome  flowers,  as  in  the  oenothera,  caCtus  grandiflorus, 
and  ciftus  ; and  the  corol  or  petals,  with  the  ftamcns  and  ftigmas,  and 
neCtaries,  wither  and  fall  off.  In  other  flowers  many  days  elapfe  be- 
fore the  various  cells  of  feeds  are  fecundated,  and  thefe  more  ani- 
mated parts  of  fexual  reprodu&ion  perifli.  But  in  all  cafes  the  feeds 
remain  in  the  pericarp  or  uterus  after  'fecundation  as  before  it,  except 
in  thofe  plants,  which  are  called  proliferus,  as  the  polygonum  vivi- 
parum,  and  magical  onions,  which  immediately  begin  to  vegetate; 
in  all  other  plants  the  feed  either  fleeps  till  the  enfuing  fpring,  as  in 
the  colchicum  and  hamamelis  ; or  they  continue  to  grow  to  maturity, 
and  to  be  nourifhed  in  the  pericarp  by  the  blood  of  the  parent  flower- 
bud,  which  is  oxygenated  in  the  braCtes  or  floral-leaves,  till  they  be- 
come perfeded  like  eggs,  and  fall  on  the  ground,  or  are  otherwife 
difperfed,  for  the  purpofe  of  taking  root  in  the  earth. 

Whence  it  appears,  that  in  the  fexual  reproduction  of  vegetables 
the  amatorial  organ  is  diftinft  from  the  uterus,  as  is  probably  the  cafe 
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in  animals ; which  in  female  quadrupeds  would  feem  to  fieep  after 
impregnation  during  the  time  of  geftation  and  lactefcence,  and  after- 
wards to  revive ; whereas  this  amatorial  organ  in  vegetable  flowers 
perifhes,  when  the  uterus  is  impregnated,  along  with  the  male  organs, 
neither  of  which  are  any  longer  of  ufe  in  thefe  annual  beings. 

The  various  methods,  which  nature  has  employed  for  the  difperfion 
of  feeds,  are  worth  the  attention  of  the  farmer  and  gardener,  both  for 
the  purpofe  of  preventing  the  growth  of  noxious  feeds,  and  of  col- 
lecting the  profitable  ones.  The  pericarp  of  fome  plants  burfts  with 
fudden  violence,  when  the  feed  is  mature,  and  difperfes  it  to  confider- 
able  diftance ; as  that  of  wood-forrel,  oxalis  acetocalla  ; and  of  im- 
patiens,  touch  me  not.  The  feeds  of  many  plants  of  the  clafs  fyn- 
genefia  are  furnifhed  with  a plume,  by  which  admirable  mechanifm 
they  are  difleminated  by  the  winds  far  from  their  parent  ftem,  and 
look  like  a fhuttlecock,  as  they  fly.  Other  feeds  are  difleminated  by 
animals  ; of  thefe  fome  attach  themfelves  to  their  hair  or  feathers  by 
a gluten,  as  mifletoe  ; others  by  hooks,  as  clivers,  galium  aperine ; 
burdock,  arCtium  lappa  ; hound’s-tongue,  cynogloflum.  Others  are 
fwallowed  whole  for  the  fake  of  the  fruit,  and  voided  uninjured,  as 
the  hawthorn,  Crataegus,  juniper,  and  fome  grafles.  And  the  feeds  of 
aquatic  plants,  and  of  thofe  which  grow  on  the  banks  of  rivers,  are 
carried  many  miles  by  the  currents  into  which  they  fall. 

Other  feeds  are  feparated  from  each  other,  and  difperfed  by  the 
twilling  of  the  awn  at  the  fummit  of  them,  when  moiflened  by  rain, 
as  a black  oat,  avena  fatua,  with  hairy  awns,  which  feems  to  crawl 
like  an  infeCt  when  moiflened  ; geranium  alfo,  and  barley  ; and  as 
this  happens  in  wet  weather,  the  moift  ground  is  then  fit  to  receive 
and  nourifh  them.  The  awns  of  the  geranium  have  been  ufed  as 
hygrometers  by  flicking  the  bafe  of  the  feed  into  a cork  for  a pedeflal, 
and  m§rking  diviflons  on  a paper  circle  beneath  it  ; and  the  awn  of 
barley  is  furnifhed  with  ftiff  points,  which,  like  the  teeth  of  a faw,  are 
all  turned  towards  one  end  of  it ; as  this  long  awn  lies  upon  the  ground, 
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it  extends  itfelf  in  the  moift  air  of  night,  and  pufhes  forward  the 
barley-corn,  which  it  adheres  to ; in  the  day  it  fhortens  as  it  dries ; 
and  as  thefe  points  prevent  it  from  receding,  it  draws  up  its  pointed 
end  ; and  thus,  creeping  like  a worm,  will  travel  many  feet  from  the 
parent  ftem  ; and  may  thus  be  ufed  as  a travelling  hygrometer,  when 
laid  on  a cloth  on  the  floor,  like  the  automaton  of  Mr.  Edgeworth, 
defcribed  in  Botanic  Garden,  article  Impatiens,  Vol.  II. 

6.  The  formation  of  the  organs  for  fexual  generation,  in  contra- 
diftin&ion  to  thofe  for  lateral  generation,  in  vegetables,  and  in  fome 
animals,  as  the  polypus,  the  taenia,  and  the  volvox,  feems  the  chef 
d’oeuvre,  the  mafter-piece  of  nature,  as  appears  from  many  flying  in- 
fe£ts,  as  moths  and  butterflies,  which  feem  to  undergo  a general 
change  of  their  forms  folely  for  the  purpofe  of  fexual  reproduction  ; 
and  in  all  other  animals  thefe  organs  are  not  complete  till  the  maturity 
of  the  creature  ; whereas  the  lateral  generation  commences  with  the 
infancy  of  the  germ  or  bud,  as  on  the  roots  of  young  herbs,  and  on. 
the  flems  of  infant  trees. 

There  feems  neverthelefs  to  be  one  circumftance,  in  which  the  fo- 
litary  generation  of  the  buds  of  plants,  when  the  plants  are  at  their 
maturity,  is  fuperior  to  the  fexual  generation  by  feeds.  This  confifts  in 
the  progeny  of  the  former  being  more  perfect  than  that  of  the  latter^ 
in  refpedl  to  the  power  of  the  reproduction  of  their  fpecies.  Thus 
in  many  plants,  as  in  tulips  and  apple-trees,  the  young  vegetable  from 
the  feed  produces  other  bulbs,  or  buds,  for  fome  years,  which  feem 
annually  to  improve,  till  at  length  they  acquire  a puberty,  if  it  may 
be  fo  called,  and  become  furnifhed  with  fexual  organs  for  the  purpofe 
of  feminal  reproduction  ; whereas  the  leaf*  buds,  or  leaf-bulbs,  of  the 
apple-tree  and  tulip  during  their  firfl:  years  produce  other  leaf-buds, 
or  leaf-bulbs,  rather  more  perfect  than  their  parents;  and  when  thefe 
bulbs,  and  buds,  arrive  at  their  puberty,  or  maturity,  fo  as  lo-be  ca- 
pable of  fexual  generation,  their  new  bulbs  and  new  buds  alfo,  if 
taken  from  their  dying  parents,  andtranfplanted  or  ingrafted,  or  left 
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adhering  to  them,  are  immediately  capable  of  producing  flowers,  and 
a confequent  feminal  progeny. 

As  the  progeny  by  lateral  generation  To  exactly  refembles  the  parent 
flock,  it  follows,  that  though  any  new  variety,  or  improvement,  may 
be  thus  continued  for  a century  or  two,  as  in  grafted  fruit-trees,  yet 
that  no  new  variety  or  improvement  can  be  obtained  by  this  mode 
of  generation  ; though  fome  hereditary  difeafes,  as  the  canker,  are 
believed  to  arife  in  ingrafted  trees,  which  have  long  been  propagated 
by  lateral  generation,  as  explained  in  No.  1.  3.  of  this  Sedlion. 

But  from  the  fexual,  or  amatorial,  generation  of  plants  new  varie- 
ties, or  improvements,  are  frequently  obtained  ; as  many  of  the 
young  plants  from  feeds  are  diffimilar  to  the  parent,  and  fome  of  them 
fuperior  to  the  parent  in  the  qualities  we  wifli  to  poffefs  ; which  is 
another  proof  that  the  anthers  andiligmas  of  plants  are  animated  be- 
ings, different  from  the  green  foliage  of  the  tree  on  which  they  grow; 
as  they  produce  varieties  in  the  form  of  their  offspring  like  fexual  ani- 
mals, which  buds  do  not. 

Befides  the  produ&ion  of  different,  and  fometimes  more  excellent, 
varieties  in  the  fpecies  of  vegetables  from  feeds,  another  advantage 
occurs  from  fexual  generation,  which  is  the  produdlion  of  new  fpecies 
of  plants,  or  mules,  by  (hedding  the  fecundating  dull  of  fome  flowers 
on  the  ftigmas  of  others  of  a different  fpecies,  though  generally  of  the 
fame  genus. 

A mule  cabbage  is  defcribed  in  the  Bath  Agriculture,  Vol.  I. 
Art.  4,  which  is  faid  to  fatten  a beaft  fix  weeks  fooner  than  turneps. 
It  is  there  faid,  “ that  the  fort  of  cabbage  principally  raifed  is  the 
tallow-loaf  or  drum-head  cabbage  ; but  it  being  too  tender  to  bear 
fharp  froft,  I planted  fome  of  this  fort  and  the  common  purple-cab- 
bage ufed  for  pickling,  (it  being  the  hardiefl  I am  acquainted  with) 
alternately}  and  when  the  feed-pods  were  perfectly  formed,  I cut 
down  the  purple,  and  left  the  other  for  feed.  This  had  the  defired 
effect,  and  produced  a mixt  (lock  of  a deep  green  colour  with  purple 
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veins,  retaining  the  fize  of  the  drum  head,  and  acquiring  the  hardi- 
nefs  of  the  purple.” 

In  another  curious  paper  of  the  Bath  Society,  Vol.  V.  p.  38,  Mr. 
Wimpey  relates,  that  he  planted  a field  with  garden-beans  in  rows 
about  three  feet  afunder  in  the  following  order,  mazagan,  white- 
bloffom,  long-podded,  Sandwich-toker,  and  Windlor- beans.  The 
mazagan  and  white-blofTom  were  thrafhed  firft,  when  to  his  great 
furprife  he  found  many  new  fpecies  of  beans  ; thofe  from  the  maza- 
gan were  mottled  black  and  white  ; the  white-bloffoms  were  brown 
and  yellow  inftead  of  their  natural  black  ; and  they  were  both  much 
larger  than  ufual.  See  Se£t.  XVI.  4.  of  this  work. 

There  is  an  apple  defcribed  in  Bradley’s  work,  which  is  faid  to  have 
one  fide  of  it  a fweet  fruit,  which  boils  foft,  and  the  other  fide  a four 
fruit,  which  boils  hard.  This  Mr.  Bradley  fo  long  ago  as  the  year 
1721  ingenioufly  afcribes  to  the  farina  of  one  of  thefe  apples  impreg- 
nating the  other  ; which  would  feem  the  more  probable,  if  we  con- 
fider,  that  each  divifion  of  an  apple  is  a feparate  womb,  and  may 
therefore  have  a feparate  impregnation,  like  puppies  of  different  kinds 
in  one  litter.  The  fame  is  faid  to  have  occurred  in  oranges  and  lemons, 
and  grapes  of  different  colours. 

Vegetable  mules  are  faid  to  be  numerous,  and,  like  the  mules  of 
the  animal  kingdom,  not  always  to  continue  their  fpecies  by  feed. 
There  is  an  account  of  a curious  mule  from  the  antirrhinum  linaria, 
toad-flax,  in  the  Amoenit.  Academ.  V.  I.  No.  3.  and  many  hybrid 
plants  are  defcribed  in  No.  32.  The  urtica  alienata  is  an  evergreen 
plant,  which  appears  to  be  a nettle  from  the  male  flowers,  and  a pel- 
litory  (parietaria)  from  the  female  ones  and  the  fruit,  and  is  hence  be- 
tween both.  Murray,  Syft.  Veg.  Amonfl  the  Engliffi  indigenous 
plants,  the  veronica  hybryda,  mule  fpeedwell,  is  fuppofed  to  have 
originated  from  the  officinal  one,  and  the  fpiked  one  ; and  the  Sib- 
thorpia  Europaea  to  have  for  its  parents  the  golden  faxifrage  and  marfh 
pennywort.  Pulteney’s  View  of  Linneus,  p.  253. 


There 


REPRODUCTION. 


Sect.  VII.  2.  7. 


1 1 7 


There  is  another  vegetable  fail  published  by  M.  Koelruter,  which 
he  calls  “ a complete  metamorphofis  of  one  natural  fpecies  of  plants 
into  another;”  which  fhews,  that  in  feeds  as  well  as  in  buds,  the 
embryon  proceeds  from  the  male  parent,  though  the  form  of  the 
fubfequent  mature  plant  is  in  part  dependent  on  the  female.  M.  Ko- 
elruter impregnated  a ftigma  of  the  nicotiana  ruftica  with  the  farina  of 
the  nicotiana  paniculata,  and  obtained  prolific  feeds  from  it.  With  the 
plants,  which  fprung  from  thefe  feeds,  he  repeated  the  experiment, 
impregnating  their  piftilla  with  the  farina  of  the  nicotiana  paniculata. 
As  the  mule  plants,  which  he  thus  produced,  were  prolific,  he  con- 
tinued to  impregnate  them  for  many  generations  with  the  farina  of 
the  nicotiana  paniculata,  and  they  became  more  and  more  like  the 
male  parent,  till  he  at  length  obtained  fix  plants  in  every  refpeCt  per- 
fectly fimilar  to  the  nicotiana  paniculata,  and  in  no  refpeCt  refembling 
their  female  parent  the  nicotiana  ruftica.  Blumenback  on  Genera- 
tion. 

Mr.  Graberg,  Mr.  Schreber,  and  Mr.  Ramftrom,  feem  of  opinion, 
that  the  internal  ftruCture  or  parts  of  fructification  in  mule  plants  re- 
femble  the  female  parent ; but  that  the  habit  or  external  ftruCture  re- 
fembles  the  male  parent.  See  treatifes  under  the  above  names  in 
Vol.  VI.  Amoenit.  Academic. 

7.  Something  fimilar  to  this  feems  to  obtain  in  mixing  the  breeds 
of  the  fame  fpecies  of  animals,  and  in  animal  mules,  which  may  be 
worth  the  attention  of  the  grazier.  The  mule  produced  from  a horfe 
and  a fhe  afs  refembles  the  horfe  externally  with  his  ears,  mane,  and 
tail  ; but  with  the  nature,  or  manners  of  an  afs.  But  the  hinnus, 
or  creature  produced  from  a male  afs  and  a mare,  refembles  the  father 
externally  in  ftature,  afh-colour,  and  the  black  crofs  on  his  fhoulders, 
but  with  the  nature  or  manners  of  a horfe.  The  breed  from  Spanifh 
rams  and  Swedifh  ewes  refembled  the  Spanifti  fheep  in  wool,  ftature, 
and  external  form;  but  was  as  hardy  as  the  Swedifh  fheep  j and  the 
contrary  occurred  in  the  breeds  which  were  produced  from  Swedifh 
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rams  and  Spanifh  ewes.  The  offspring  from  the  male  goat  of  An- 
gora and  the  Swedifh  female  goat  had  long  foft  camel’s  hair  j but  that 
from  the  male  Swedifh  goat,  and  the  female  one  of  Angora,  had  no 
improvement  of  their  wool.  An  Englifh  ram  without  horns,  and  a 
Swedifh  horned  ewe,  produced  fheep  without  horns.  Amoen.  Acad. 
Vol.VI.  p.  1 3. 

8.  From  thefe  circumftances  it  appears,  that  not  only  new  varie- 
ties may  be  procured  from  the  feminal  offspring  of  plants ; where 
thofe  from  the  lateral  offspring  become  difeafed  by  age,  as  the  can- 
kered apple-grafts,  and  perhaps  the  curled  potatoes,  and  barren 
flrawberries ; but  that  more  curious  or  ufeful  fruits  or  flowers  may 
be  obtained  by  fhedding  the  farina  of  fome  valuable  plant  on  the 
ffigma  of  another  variety  of  the  fame  fpecies,  as  of  two  different  but 
equally  excellent  apple-trees,  or  tulip-flowers,  hyacinths,  anemonies, 
and  geraniums.  And  thirdly,  that  mules  may  be  produced  by  a mix- 
ture of  different  fpecies  of  plants,  and  perhaps  of  different  genera ; 
as  of  pines  and  melons;  grapes  and  goofeberries  j oranges  and  apples  ; 
apricots  and  nedlarines  ; nuts  and  acorns-;  which  may  be  afterwards 
propagated  by  the  lateral  progeny,  if  not  by  the  feminal  one. 

The  facility  of  generating  vegetable  mules  feems  forcibly  to  have 
flruck  the  great  Linneus  ; who  in  the  preface  to  his  natural  orders 
of  plants  at  the  end  of  his  Genera  Plantarum  thinks,  that  about  fixty 
vegetables  were  at  firffc  created  correfponding  with  his  natural  orders. 
That  a mixture  of  thefe  orders  amongfl  themfelves  produced  the  ge- 
nera; that  a mixture  of  the  genera  amongfl  themfelves  produced  the 
fpecies ; and  that  a mixture  of  the  fpecies  produced  the  varieties, 
which  he  believes  to  accord  with  the  general  progrefs  of  nature 
“ from fimpler  things  to  the  more  compound, .” 

In  the  fame  manner  it  may  be  fuppofed,  that  many  of  the  prefent 
fpecies  of  animals  were  originally  mules  produced  by  a mixture  of 
animals  of  different  genera;  and  that  all  fuch  mules,  as  had  perfect 
organs  of  reprodu&ion,  continued  their  fpecies.  But  as  thefe  organs 

feem 


Sect.  VII.  2.  8. 


REPRODUCTION. 


119 

feem  to  be  the  chef  d’ceuvre  of  nature,  as  above  remarked,  they  often  * 
become  imperfed  in  the  generation  of  mules,  and  the  fpecies  then 
becomes  extinift  ; as  it  could  not  be  propagated  by  fexual  generation, 
it  is  poffible,  that  many  new  kinds  of  mules,  which  might  be  ufeful 
for  labour,  or  by  their  milk  or  wool,-  or  for  food,  might  ftill  be  pro- 
duced by  the  method  of  Spallanzani ; who  diluted  the  feminal  fluid 
of  a dog  with  much  warm  water,  and  by  injecting  it  fecundated  a 
bitch,  and  produced  puppies  like  the  dog. 

Thus  new  animal  combinations  might  poffibly  be  generated  nume- 
rous- as  the  fabled  monfters  of  antiquity  ; as  between  the  ram  and  the 
female  goat ; the  flag  and  the  cow  ; the  horfe  and  the  doe  ; the  bull 
and  the  mare  ; boar  and  bitch  ; dog  and  fow.  And  fecondly,  as  Spal-  - 
lanzani  diluted  the  feminal  fluid  of  a male  frog  with  water,  and  fe- 
cundated fome  female  fpawn  with  it,  and  produced  perfect  tadpoles, 
therb  is  reafon.to  conclude,  that  new  combinations  of  fifh  might  thus 
be  generated,  and  people  our  rivers  with  aquatic  monfters.  And  laftly, 
that  it  is  not  impoflible,  as  fome  philofopher  has  already  fuppofed,  if 
Spallanzani  fhould  continue  his  experiments,  that  fome  beautiful 
productions  might  be  generated  between  the  vegetable  and  animal 
kingdoms,  like  the  eaftern  fable  of  the  rofe  and  nightingale,  and 
which  might  be  propagated  by  lateral  or  paternal,  though  not  by 
fexual  or  feminal  generation. . 

The  claffic  reader  will  here  be  reminded  of  the  metamorphofes  of 
Ovid,  of  gods  turned  into  bulls  and.  fwans,  men  into  frogs. and  par- 
tridges,, ladies  into  trees  and  flowers,  . of  fphinxes,  griffins,  dragons, 
mermaids,  centaurs,  and  minataurs  ; Pafiphaeand  her  bull ; Leda  and 
her  fwan ; Arethufa  and  her  ■ fifh-god  Alpheus,,  and  conclude  that 
mules  in  early  times  were  more  frequent  than  at  prefent,  which 'oc- 
cafioned  the  poets  and  the  priefts  of  antiquity  to  invent  fo  many  fa-  - 
hulous  monfters,  and  impofe  them  on  the  .credulity  of  mankind. 


im  vi~ 


120 


ORGANS  OF 


Sect.  VII.  3.  1, 


HI.  VEGETABLE  GENERATION. 

I.  The  Intelligent  reader  is  become,  I hope,  by  this  time  fo  much 
interefted  in  the  further  inveftigation  of  the  circurnffances  attending 
the  lateral  and  fexual  generation  of  vegetables,  that  he  will  not  be 
difpleafed  with  the  continuance  of  the  fubjedt  for  a few  more  pages, 
fo  agreeable  from  its  novelty,  and  fo  important  from  its  future  ap- 
plication to  animal  reproduction. 

If  a fcion  of  a nonpareil  apple  be  ingrafted  on  a crab-flock,  and  a 
golden  pippin  be  ingrafted  on  the  nonpareil,  what  happens  ? The 
caudex  of  the  bud  of  the  golden  pippin  confifts  of  its  proper  abforbent 
veffels,  arteries,  and  veins,  till  it  reaches  down  to  the  nonpareil- 
flock  ; and  then  the  continuation  of  its  caudex  downwards  confifts  of 
veffels  fimilar  to  thofe  of  the  nonpareil ; when  its  caudex  delcends 
ftill  lower,  it  confifts  of  veffels  fimilar  to  thofe  of  the  crab-ftock. 

The  truth  of  this  is  fhewn  by  two  circurnffances  ; flrft,  becaufe 
the  lower  parts  of  this  compound  tree  will  occafionally  put  forth  buds 
fimilar  to  the  original  flock.  And  fecondly,  becaufe  in  fome  in- 
grafted trees,  where  a quick-growing  fcion  has  been  inferted  into  a 
ftock  of  flower  growth,  as  is  often  feen  in  old  cherry-trees,  the  upper 
part  of  the  trunk  of  the  tree  has  become  of  almoft  double  the  diameter 
of  the  lower  part ; both  which  occurrences  fhew,  that  the  lower 
part  of  the  trunk  of  the  tree  continues  to  be  of  the  fame  kind,  though 
it  muff  have  been  fo  repeatedly  covered  over  with  new  circles  of 
wood,  bark,  and  cuticle. 

Now  as  the  caudex  of  each  bud,  which  paffes  the  whole  length  of 
the  trunk  of  the  tree,  and  forms  a communication  from  the  upper 
part,  or  plumula,  to  the  lower  part,  or  radicle,  muft  confift  in  thefe 
doubly  ingrafted  trees  of  three  different  kinds  of  caudexes,  reftmbling 
thofe  of  the  different  flocks  or  fcions ; we  acquire  a knowledge  of 
what  may  be  termed  a lateral  or  paternal  mule,  in  contradiftin&ion 
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to  a fexual  mule.  For  as  in  thefe  trees  thus  combined  by  ingraftment 
every  bud  has  the  upper  parts  of  its  caudex  that  of  a golden  pippin, 
the  middle  part  of  it  that  of  a nonpareil,  of  the  lower  part  of  it  that 
of  a crab ; if  thefe  caudexes,  which  conftitute  the  filaments  of  the 
bark,  could  be  feparated  intire  from  the  tree  with  their  plumules  and 
radicles,  they  would  exhibit  fo  many  lateral  or  paternal  mules,  con- 
lifting  of  the  connected  parts  of  their  three  parents  ; the  plumula  be- 
longing to  the  upper  parent,  and  the  radicle  to  the  lower  one,  and  the 
triple  caudex  to  them  all. 

A reparation  of  thefe  buds  from  the  parent  plant  is  faid  to  have  been 
obferved  by  Mr.  Blumenback  in  the  conferva  fontinalis,  a vegetable 
which  confifts  of  fmall  Ihort  {lender  threads,  which  grow  in  our  foun- 
tains, and  fix  their  roots  in  the  mud.  He  obferved  by  magnifying 
glafles,  that  the  extremities  of  the  threads  fwell,  and  from  fmall  tu- 
bera,  or  heads,  which  gradually  feparate  from  the  parent  threads,  at- 
tach themfelves  to  the  ground,  and  become  perfect  vegetables ; the 
whole  progrefs  of  their  formation  can  be  obferved  in  forty-eight 
hours.  Obfervations  on  Plants,  by  Von  Uftar,  Creech,  Edinb. 

2.  The  lateral  propagation  of  the  polypus  found  in  our  ditches  in 
July,  but  more  particularly  that  of  the  hydra  ftentorea,  is  wonder- 
fully analagous  to  the  above  idea  of  the  lateral  generation  of  vegeta- 
bles. The  hydra  ftentorea,  according  to  the  account  of  monfieur 
Trembley,  multiplies  itfelf  by  fplitting  lengthwife;  and  in  twenty- 
four  hours  thefe  divifions,  which  adhere  to  a common  pedicle,  refplit, 
and  form  four  diftinft  animals.  Thefe  four  in  an  equal  time  fplit 
again,  and  thus  double  their  number  daily,  till  they  acquire  a figure 
fomewhat  refembling  a nofegay.  The  young  animals  afterwards  fe- 
parate from  the  parent,  attach  themfelves  to  aquatic  plants,  and  give 
rife  to  new  colonies. 

Another  curious  animal  fa£t  is  related  by  Blumenback  in  his  treatife 
on  generation,  concerning  the  frefti  water  polypus.  He  cut  two  of 
them  in  half,  which  were  of  different  colours,  and  applying  the  upper 
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part  of  one  to  the  lower  part  of  the  other,  by  means  of  a glafs-tube, 
and  retaining  them  thus  for  fome  time  in  contact  with  each  other,, 
the  two  divided  extremities  united,  and  became  one  animal. 

The  attentive  reader  has  already  anticipated  me  in  applying  t'hefe 
wonderful  modes  of  lateral  animal  reproduction  and  conjunction  to- 
the  lateral  propagation  and  ingraftment  of  vegetables.  The  junction? 
of  the  head- part  of  one  polypus  to  the  taij-part  of  another  is  exactly 
reprefented  by  the  ingraftment  of  a fcion  on  the  flock  of  another 
tree.  The  plumula,  or  apex  of  each  bud,  with  the  upper  part  of  its 
oaudex,  joins  to  the  long  caudex  of  the  flock,  which  paffing  down 
the  trunk  terminates  in  the  radicles  of  it.  And  if  this  compound  ve- 
getable could  be  feparated  longitudinally  from  the  other  long  filaments 
of  the  bark  in  its  vicinity,  like  the  fibres  of  the  bark  of  the  mulberry- 
tree  prepared  at  Otaheite,  or  as  the  bark  of  hemp  and  flax  are  pre- 
pared in  this  country,  as  the  young  ones  of  the  hydra  flentorea  fepa- 
rate  from  theit  parents,  it  might  claim  the  name  of  a lateral  or  pater- 
nal mule,  as  above  mentioned. 

3.  It  hence  appears,  that  every  new  bud  of  a tree,  where  two  fcions 
have  been  inferted  over  each  other  on  a flock,  if  it  could  be  feparated 
from  the  plume  to  the  radicle,  muft  confifl  of  three  different  kinds 
of  caudex,  and  might  therefore  be  called  a triple  lateral  mule.  And 
that  hence  it  follows,  that  every  part  of  this  new  triple  caudex,. 
muft  have  been  feparated  or  fecreted  laterally  from  the  adjoining  part 
of  the  trunk  of  the  tree  ; and  that  it  could  not  be  formed,  as  I for- 
merly believed,  from  the  roots  of  the  plume  of  the  bud  defeending 
from  the  upper  part  of  the  caudex  of  it  to  the  earth.  A circum- 
flance  of  great  importance  in  the  inveftigation  of  the  curious  fubjed 
of  the  lateral  generation  of  vegetables,  and  of  in  feds. 

One  might  hence  fufped,  that  if  Blumenback  had  attended  to  the 
propagation  of  the  polypus,  which  he  had  compofed  of  two  half  po- 
lypi, that  the  young  progeny  might  have  pofiefled  two  colours  re- 
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fembling  the  compound  parent,  like  the  different  caudexes  of  ingraft- 
ed trees;  an  experiment  well  worthy  repeated  obfervation. 

4.  Another  animal  fa<ff  ought  alfo  to  be  here  mentioned,  that  many 
infefts,  as  common  earth-worms  as  well  as  the  polypus,  are  faid  to 
poffefs  fo  much  life  throughout  a great  part  of  their  fyftem,  that 
they  may  be  cut  into  two  or  more  pieces  without  deftroying  them, 
as  each  piece  will  acquire  a new  head,  or  a new  tail,  or  both  ; and 
the  infeft  will  thus  become  multiplied.  How  exadlly  this  is  re- 
fembled  by  the  long  caudex  of  the  buds  of  trees,  which  poffefs  fuch 
vegetable  life  from  one  extremity  to  the  other,  that  when  the  head  or 
plume  is  lopped  off,  it  can  produce  a new  plume  ; and  when  the 
lower  part  is  cut  off,  it  can  produce  new  radicles;  and  may  be  thus 
wonderfully  multiplied. 

5.  Hence  we  acquire  fome  new  and  important  ideas  concerning 
the  lateral  generation  of  vegetables,  and  which  may  probably  contri- 
bute to  elucidate  their  fexual  generation.  Thefe  are,  firff,  that  the 
parts  of  the  long  caudex  of  each  new  bud  of  an  ingrafted  tree,  and 
.confequently  of  all  trees,  are  feparated  or  fecreted  from  the  corre- 
fpondent  or  adjoining  parts  of  the  long  caudex  of  the  laft  year’s  bud, 
which  was  its  parent ; and  not  that  it  confiffs  of  the  roots  of  each 
new  bud  (hot  down  from  the  plumula  or  apex  of  it,  as  I formerly 
fuppofed;  and  that  thofe  various  molecules,  or  fibrils,  fecreted  from 
the  caudex  of  the  laft  year’s  buds,  adjoin  and  grow  together  beneath 
the  cuticle  of  the  trunk  of  the  tree,  the  upper  ones  forming  the  plu- 
mula of  the  new  bud,  which  is  its  leaf  or  lungs,  to  acquire  oxygen 
from  the  atmofphere  ; and  the  lower  ones  forming  the  radicles  of  it, 
which  are  abforbent  veffels  to  acquire  nutriment  from  the  earth. 

Secondly,  that  every  part  of  the  caudex  of  an  ingrafted  tree,  and 
confequently  of  all  trees,  can  generate  or  produce  a new  bud,  when 
the  upper  part  ofoit  is  ftrangulated  with  a wire  or  cut  off,  or  other- 
wife  when  it  is  fupplied  more  abundantly  with  nutriment,  ventila- 
tion, and  light.  And  that  each  of  thefe  new  buds  thus  produced 
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refembles  that  part  of  the  flock  in  compound  trees,  where  it  arifes. 
Thus  in  the  triple  tree  above  mentioned  a bud  from  the  upper  part 
of  the  long  caudexes,  which  form  the  filaments  of  the  bark,  would 
become  a golden  pippin  branch  ; a bud  from  the  middle  part  of  them 
would  become  a nonpareil  branch  ; and  a bud  from  the  lower  part 
a crab  branch. 

Thirdly,  another  wonderful  property  of  this  lateral  mule  progeny 
of  trees  compounded  by  ingraftment  confifls  in  this,  that  the  new 
mule  may  confifl  of  parts  from  three,  or  four,  or  many  parents,  when 
fo  many  different  fcions  are  ingrafted  on  each  other ; whence  a ques- 
tion may  arife,  whether  a mixture  of  two  kinds  of  anther-dufl  previ- 
ous to  its  application  to  the  fligma  of  flowers  might  not  produce  a 
threefold  mule,  partaking  of  the  likenefs  of  both  the  males  ? 

6.  On  this  nice  SubjeCt  of  reproduction  fo  far  removed  from  com- 
mon apprehenfion  the  patient  reader  will  exeufe  a more  prolix  inves- 
tigation. The  attraction  of  all  matter  to  the  centres  of  the  planets,  or 
of  the  Sun,  is  termed  gravitation  ; that  of  particular  bodies  to  each 
other  is  generally  called  chemical  affinity  ; to  which  the  attractions 
belonging  to  electricity  and  magnetifm  appear  to  be  allied. 

In  thefe  latter  kinds  of  attraction  two  circumftances  Seem  to  be 
required  ; firft,  the  power  to  attraCl  poflefled  by  one  of  the  bodies, 
and  Secondly,  the  aptitude  to  be  attracted  poflefled  by  the  other* 
Thus  when  a magnet  attracts  iron,  it  may  be  Said  to  poflefs  a Specific 
tendency  to  unite  with  the  iron  ; and  the  iron  may  be  Said  to  poflefs 
a Specific  aptitude  to  be  united  with  the  magnet.  The  former  appears 
to  refide  in  the  magnet,  becaufe  it  can  be  deprived  of  its  attractive 
power,  which  can  alfo  be  reftored  to  it ; and' the  iron  appears  to  pof- 
Sefs  a Specific  aptitude  to  be  united  with  the  magnet,  becaufe  no 
other  metal  will  approach  it.  In  the  Same  manner  a rubbed  flick  of 
Sealing-wax  may  be  Said  to  poflefs  a Specific  tendency  to  unite  with  a 
light  ftraw,  but  not  with  a glafs  bead.  Here  the  ftraw  Seems  to 
poflefs  a Specific  aptitude  to  unite  with  the  rubbed  Sealing-wax,  becaufe 
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many  other  bodies  refufe  to  do  fo,  as  glafs,  filk,  air ; and'laftly,  the 
fpecific  attraction  of  the  rubbed  fealing^wax  can  be  withdrawn  or  re- 
flored ; to  which  may  be  added,  that  fome  chemical  combinations 
may  arife  from  the  fingle  attraction  of  one  body,  and  the  aptitude  to 
be  attracted  of  another ; or  they  may  be  owing  to  reciprocal  attrac- 
tions of  the  two  bodies,  as  in  what  is  termed  by  the  chemifls  double- 
affinity, which  is  known  to  be  fo  powerful  as  to  feparate  thofe  bo- 
dies, which  are  held  together  by  the  fingle  attraction  probably  of  one 
of  them  to  the  other,  which  other  poflefles  only  an  aptitude  to  be  at- 
tracted by  the  former. 

7.  The  above  account  of  the  tendencies  to  union  by  unorganized 
or  inanimate  matter  is  not  given  as  a philofophical  analogy,  but  to 
facilitate  our  conception  of  the  adjunCtions  or  concretions  obfervable 
in  organized  or  animated  bodies,  which  conftitute  their  formation, 
their  nutrition,  and  their  growth.  Thefe  may  be  divided  into  two 
kinds  ;.firft  the  junction  or  union  of  animated. bodies  with  inanimate 
matter,  as  when  fruit  or  flefh  is  fwallowed  into  the  ftomach,  and  be- 
comes abforbed  by  the  laCleals  j and  the  fecond,  where  living  parti- 
cles coalefce  or  concrete  together,  as  in  the  formation,  nutrition,  or 
conjunction  of  the  parts  of  living  animals. 

In  refpeCt  to  the  former,  the  animal  parts,  as  the  noftrita  and  palate,  - 
poffefs  an  appetency,  when  ftimulated  by  the  fcent  and  flavour  of 
agreeable  food,  to  unite  themfelves  with  it ; and  the  inanimate  ma- 
terial poflefles  an. aptitude  to  be  thus  united  with  the  animal  organ. 
The  fame  occurs  when  the  food  is  fwallowed  into-  the  ftomach;  the 
mouths  of  the  laCteal  veflels  being  agreeably  ftimulated  poffefs  an  ap- 
petency to  abforb  the  particles  of  the  digefting  mafs,  which  is  in  a 
fistuation  of  undergoing  chemical  changes,  and  poflefles  at  fome  pe- 
riod of  them  an.  aptitude  to  be  united,  with  the  mouths  of  the  abfor- 
hent  laCteals. . 

But  when  thefe  abforbed  particles  of  inanimate  matter  have  been 
circulated. in  the  blood,  they  feem  gradually  to  obtain  a kind  of  vi- 
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tality;  whence  Mr.  John  Hunter,  and  I believe  fome  ancient  philo- 
sophers, and  the  divine  Mofes,  afierted,  that  the  blood  is  alive ; that 
is,  that  it  po defies  tome  degree  of  organization,  or  other  properties 
different  from  thofe  of  inanimate  matter,  which  are  not  producible 
by  any  chemical  procefs,  and  which  ceafe  to  exift  along  with  the  life 
of  the  animal.  Hence  for  the  purpofe  of  nutrition  there  is  realon  to 
fufpedt,  that  two  circumffances  are  neceflary,  both  dependent  upon 
life,  and  confequent  adtivity  thefe  are  firft  an  appetency  of  the 
fibrils  of  the  fixed  organization,  which  wants  nutrition  ; and  fe- 
condly,  a propenfity  of  the  fluid  molecules  exiffing  in  the  blood,  or 
fecreted  from  it,  to  unite  with  the  organ  now  ftimulated  into  adtion. 
So  that  nutrition  may  be  faid  to  be  affedted  by  the  embrace  or  cohe- 
sion of  the  fibrils,  which  poflefs  nutritive  appetencies,  with  the 
molecules,  which  poflefs  nutritive  propenfities. 

8.  If  the  philofopher,  who  thinks  on  this  fubjedl,  Should  not  be 
inclined  to  believe  that  the  whole  of  the  blood  is  alive  ; he  can  not 
eafily  deny  life  to  that  part  of  it  which  is  fecreted  by  the  organs  of 
generation,  and  conveys  vitality  to  the  new  embryon,  which  it  pro- 
duces. Hence  though  in  the  procefs  of  nutrition  the  adtivity  of  two 
kinds  of  fibrils  or  molecules  may  be  fufpedled,  yet  in  the  procefs  of 
the  generation  of  a new  vegetable  or  animal,  there  feems  great  reafon 
to  believe,  that  both  the  combining  and  combined  particles  are  en- 
dued with  vitality  ; that  is,  with  fome  degree  of  organization  or  other 
properties  not  exiffing  in  inanimate  matter,  which  we  beg  leave  to 
denominate  fibrils  with  formative  appetencies,  and  molecules  with 
formative  propenfities,  as  the  former  may  feem  to  poflefs  a greater 
degree  of  organization  than  the  latter. 

And  thus  it  appears,  that  though  nutrition  may  be  conceived  to  be 
produced  by  the  animated  fibrils  of  an  organized  part  being  ffimu- 
lated  into  adtion  by  inanimate  molecules,  which  they  then  embrace, 
and  may  thus  be  popularly  compared  to  the  Ample  attradtions  of 
chemiftry  ; yet  that  in  the  produdtion  of  a new  embryon,  whe- 
ther 
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ther  vegetable  or  animal,  both  the  fibrils  with  formative  appetencies, 
and  the  molecules  with  formative  propenfities,  recriprocally  ftimulate 
and  embrace  each  other,  and  inftantly  coalefce,  and  tnay  thus  popu- 
larly be  compared  to  the  double  affinities  of  chemiftry.  But  there 
are  animal  fads,  which  refemble  both  thefe,  and  are  thence  more 
philofophically  analogous  to  them  ; and  thefe  are  the  two  great  fup- 
ports  of  animated  nature,  the  paffions  of  hunger  and  of  love.  In  the 
former  the  appetency  refides  only  in  the  ftomach,  or  perhaps  in  the 
cardia  ventriculi,  but  the  objed  con  fills  of  inanimate  matter  ; in  the 
latter  reciprocal  appetencies  and  propenfities  exit!  in  the  male  and  fe- 
male, which  mutually  excite  them  to  embrace  each  other.  Two 
other  animal  fads  are  equally  analogous  ; the  third,  which  refides  at 
the  upper  end  of  the  efophagus,  and  though  it  pofiefies  appetency  it- 
felf,  its  objed  is  inanimate  matter ; but  in  ladefcent  females,  when 
they  give  luck  to  their  young,  there  exifts  a reciprocal  appetency  in 
the  mother  to  part  with  her  milk,  and  in  the  young  offspring  to  re- 
ceive it. 

This  then  finally  I conceive  to  be  the  manner  of  the  produdion  of 
the  lateral  progeny  of  vegetables.  The  long  caudex  of  an  exiding 
bud  of  a tree,  which  conftitutes  a fingle  filament  of  the  prefent  bark, 
is  furnifhed  with  glands  numerous  as  the  perfpirative  or  mucous 
glands  of  animal  bodies ; and  that  thefe  are  of  two  kinds,  the  one  fe- 
ereting  from  the  vegetable  blood  the  fibrils  with  formative  appeten- 
cies, correfpondent  to  the  mafculine  fecretion  of  animals;  and  the 
other  fecreting  from  the  vegetable  blood  the  molecules  with  forma- 
tive propenfities,  correfpondent  to  the  feminine  fecretion  of  animals ; 
and  then  that  both  thefe  kinds  of  formative  particles  are  depofited  be- 
neath the  cuticle  of  the  bark  along  the  whole  courfe  of  it,  and  nearly 
at  the  fame  time  by  the  fympathy  of  the  fecreting  organs,  and  in- 
dantly  embrace  and  coalelce,  forming  a new  caudex  along  the  fide  of 
its  parent  with  vegetable  life,  and  with  the  additional  powers  of  nu- 
trition, and  of  growth. 
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9.  This  then  is  the  great  fecret  of  nature;  more  living  particles 
-are  produced  by  the  powers  of  vitality  in  the  fabrication  of  the  vege- 
table blood,  than  are  neceffary  for  nutrition  or  reftoration  of  decom- 
-pofing  organs.  Thefe  are  fecreted,  and  detruded  externally,  and 
-produce  by  their  combination  a new  vital  organization  beneath  the 
•cuticles  of  trees  over  the  old  one.  Thefe  new  combinations  of  vital 
Abrils  and  molecules  acquire  new  appetencies,  or  fabricate  molecules 
•with  new  propenfities,  and  thus  poffefs  the  power  of  forming  the 
-leaf  or  lungs  at  one  extremity  of  the  new  caudex  ; and  the  radicles, 
or  abforbent  veffels  at  the  other  end ; and  fome  of  them,  as  in  the 
•central  buds  which  terminate  the  branches,  finally  form  the  fexual  or- 
gans of  reproduction,  which  conftitute  the  flower. 

That  new  organizations  of  the  growing  fyftem  acquire  new  ap- 
petencies appears  from  the  production  of  the  paffion  for  generation, 
as  foon  as  the  adapted  organs  are  complete ; and  from  the  defire  of 
laCtefcent  females  to  fuckle  their  offspring,  and  alfo  from  the  variation 
of  the  palate,  or  defire  for  particular  kinds  of  food,  as  we  advance  in 
life,  as  from  milk  to  flefh.  Thus  as  a popular  allufion,  and  not  as 
a philofophical  analogy,  we  may  again  be  allowed  to  apply  to  the 
combinations  of  chemiflry  ; where  two  different  kinds  of  particles 
unite,  as  acids  and  alkalies,  a third  fomething  is  produced,  which 
poffeffes  attractions  diffimilar  to  thofe  of  either  of  them ; and  that 
new  organizations  form  new  molecules  appears  from  the  fecretions 
of  the  feminal  and  uterine  glands,  when  they  have  acquired  their 
maturity ; and  from  the  breafts  of  laCtefcent  females. 

10.  In  the  lateral  propagation  of  vegetable  buds  as  the  fuperfluous 
fibrils  or  molecules,  which  were  fabricated  in  the  blood,  or  detached 
from  living  organs,  and  poffefs  nutritive  or  formative  appetencies  and 
propenfities,  and  which  were  more  abundant  than  were  required  for 
the  nutrition  of  the  parent  vegetable  bud,  when  it  had  obtained  its 
full  growth,  were  fecreted  by  innumerable  glands  on  the  various  parts 
of  its  furface  beneath  the  general  cuticle  of  the  tree,  and  there  em- 
bracing 
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bracing  and  coalefcing,  form  a new  embryon  caudex,  which  gra- 
dually produces  a new  plumula  and  radicles.  And  as  the  different 
parts  of  the  new  caudex  of  a compound  tree  referable  the  parts  of  the 
parent  caudex,  to  which  it  adheres,  it  was  fhewn,  beyond  all  doubt, 
that  different  fibrils  or  molecules  were  detached  from  different  parts 
of  the  parent  caudex  to  form  the  filial  one. 

So  in  the  fexual  propagation  of  vegetables  the  fuperfluous  living 
fibrils,  or  molecules,  floating  in  the  blood,  appear  to  be  fecreted  from 
it  by  two  kinds  of  glands  only  ; thofe  which  conftitute  the  anthers, 
and  thofe  which  conftitute  the  pericarp  of  flowers.  By  the  former  I 
fuppofe  the  fibrils,  with  formative  appetencies  and  with  nutritive  ap- 
petencies, to  be  fecreted  ; and  by  the  latter  the  molecules,  with  for- 
mative and  with  nutritive  propenfities.  Afterwards  that  thefe  fibrils 
with  formative  and  nutritive  appetencies,  become  mixed  in  the  peri- 
carp or  uterus  of  the  flower,  with  the  correfpondent  molecules  with 
formative  and  nutritive  propenfities  ; and  that  a new  embryon  is  in- 
ftantly  produced  by  their  reciprocal  embrace  and  coalefcence.  And 
that  parts  of  this  new  organization  afterwards  acquire  new  appe- 
tencies, and  form  molecules  with  new  propenfities,  and  thus  gradually 
produce  other  parts  of  the  growing  feed,  which  do  not  at  fir  ft  ap- 
pear, as  the  plumula,  radicles,  cuticle,  and  the  glands  of  reproduc- 
tion in  the  pericarp  and  anthers,  which  correfpond  in  the  animal 
fetus  to  the  lungs,  inteftines,  cuticle,  and  the  organs,  which  diftin- 
guifh  the  fexes. 

11.  From  this  new  do&rine  of  a threefold  vegetable  mule  by  la- 
teral propagation,  as  the  new  bud  on  the  fummit  of  a tree,  which 
has  had  two  fcions  ingrafted  on  it  one  above  another,  in  which  it  is 
inconteftibly  fhewn,  that  different  fibrils,  or  molecules,  are  detached 
from  different  parts  of  the  parent  caudex  to  form  the  filial  one,  which 
adheres  to  it ; and  that  it  then  acquires  the  power  of  producing  new 
radicles,  or  a new  plumula  ; we  may  fafely  conclude,  as  it  is  dedu- 
ctible from  the  ftrongeft  analogy,  that  in  the  production  of  fexual 
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mules,  whether  vegetable  or  animal,  Tome  parts  of  the  new  embryon' 
were  produced  by,  or  detached  from,  fimilar  parts  of  the  parent, 
which  they  refemble.  And  that  as  thele  fibrils,  or  molecules,  floated 
in  the  circulating  blood  of  their  parents,  they  were  colleded  lepa- 
rately  by  appropriated  glands  of  the  male  or  female  ; and  that  finally, 
on  their  mixture  in  the  matrix  the  new  embryon  was  immediately 
generated,  refembling  in  fome  parts  the  form  of  the  father,  and  in 
other  parts  the  form  of  the  mother,  according  to  the  quantity  or  ac- 
tivity of  the  fibrils  or  molecules  at  the  time. of  their  conjunction. 

And  laflly,  that  various  parts  of  the  new  organizations  afterwards 
acquired  new  appetencies,  and  formed  molecules  with  new  propen- 
fities,  and  thus  gradually  produced  other  parts  of  the  growing  fetus, 
as  the  fkin,  nails,  hair,  and  the  organs  which  diftinguifh  the  fexes. 

If  the  molecules  fecreted  by  the  female  organ  into  the  pericarp  of 
flowers,  or  into  the  ovary  of  animals,  were  fuppofed  to  confift  of 
only  unorganized  or  inanimate  particles;  and  the  fibrils  fecreted  by 
the  male  organ  only  to  poflefs  formative  appetencies  to  feledt  and  com- 
bine with  them;  the  new  embryon  mull  probably  have  always  re- 
fembled  the  father,  and  no  mules  could  have  had  exiftence. 

But  by  the  theory  above  delivered  it  appears,  that  the  new  off- 
fpring,  both  in  vegetable  and  animal  reproduction,  whether  it  be  a 
mule  or  not,  muft  fometimes  more  relemble  the  male  parent,  and 
fometimes  the  female  one,  and  fometimes  appear  to  be  a combination 
of  them  both,  as  the  epigram  of  Martial : 

Dum  dubitat  natura  gravis  puerum  faceretne  puellam, 

Faftus  es,  O pulcher,  pene  puella,  puer. 

12.  The  certain  proof  above  given,  that  fbme  parts  of  the  triple 
caudex  of  the  new  bud  of  a tree,  which  has  been  compounded  by  in- 
graftment,  are  formed  from  fimilar  parts  of  the  triple  caudex  of  the 
parent  bud,  carries  us  one  ftep  further  back  into  the  myfterious  pro- 
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cefs  of  reproduction,  and  fomewhat  countenances  the  ingenious  con- 
jectures of  monfieur  Buffon.  And  the  analogy  here  obferved,  that 
as  in  chemical  union  there  rauft  be  fome  particles  of  inanimate  matter 
with  attractions,  and  others  with  aptitudes  to  be  attracted  ; fo  in  the 
conjunctions  of  animated  particles  in  the  nutrition  or  formation  of 
organized  beings,  there  muft  exift  fibrils  or  molecules  with  forma- 
tive or  nutritive  appetencies,  and  others  with  formative  or  nutritive 
aptitudes  or  propenfities,  one  of  which  may  be  fecreted  by  the  male, 
and  the  other  by  the  female  parent,  may  facilitate  our  reafoning  upon 
this  dark  fubjed:,  which  will  be  refumed  and  enlarged  upon  in  the 
next  edition  of  Zoonomia,  in  the  feClion  on  generation* 
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SECT.  VIII. 

I.  THE  MUSCLES,  NERVES,  AND  BRAIN  OF  VEGETABLES. 

i.  Vegetable  mujcles  evinced  by  their  clofing  their  corols , and  calyxes , and  moving  their 
'leaves  in  confequence  of  ft  imulus.  Hence  alfo  vegetable  nerves  both  offenfe  and  mo- 
tion. When  one  part  of  a leaf  of  mimofa  is  touched  the  whole  leaf  falls.  Hence 
' alfo  a vegetable  brain  or  common  fenforium.  i.  Their  irritability  Jhewn  by  the  ab- 
Jorption , and  circulation  of  their  fluids  By  eleblric  fhocks.  By  the  afcent  of  fap- 

juice.  3.  Their  fenfibility  fhewn  by  the  collaps  of  mimofa.  By  clofing  their  petals 
from  defelil  of  ft  imulus } as  in  darknefs  and  cold.  By  the  males  and  females  bending 
to  each  other.  4.  Their  volition  fhewn  from  hedyfarum  gyrans.  From  poly  morph  a 
marchantia.  From  tendrils  of  vines.  From  their  fieep.  5.  Their  affociations  of 
motion  fhewn  by  their  clofing  their  petals , performing  abforption  and  circulation  of 
fluids.  Their  acquired  habits.  Grains  and  roots  from  the  fouth  vegetate  fooner. 
Apple-trees.  Senftive  plant.  Berberry.  6.  Vegetables  poffefs  a fenfe  of  heat, 
of  light , and  of  moifture , and  confequently  poffefs  a brain  or  common  fenforium. 
7.  They  poffefs  a fenfe  of  touch  and  a common  fenforium.  8.  How  do  the  anthers 

and  ftigmas  find  each  other  ? by  a fenfe  of  flmell.  Adultery  of  collinfonia.  9.  From 
their  abforptions , fecretions , fenfe s , love  and fleep,  they  muft  poffefs  a brain.  Hoes 
this  refide  in  the  pith  of  each  individual  bud  ? 

1.  The  various  motions  of  peculiar  parts  of  vegetables  evince  the 
exigence  of  mufcles  and  nerves  in  thofe  parts,  fuch  as  the  clofing  of 
their  petals,  and  calyxes,  at  the  approach  of  night,  or  in  cold  or  wet 
weather;  though  the  fibres  and  nerves,  which  conftitute  thefe  mufcles, 
are  too  fine  for  anatomical  demonftration. 

Some  vegetables  fold  the  older  leaves  over  the  new  buds  at  the  ex- 
tremity of  their  ftalks  during  the  night,  as  alfine,  chickweed  ; others, 
as  the  mimofa,  fenfitive  plant,  fold  the  upper  or  polifhed  fides  of 
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their  leaves  together  during  their  fleep.  The  hedyfarum  gyrans 
whirls  its  leaves  in  various  directions,  when  the  air  is  Rill,  by  an  ap- 
parently voluntary  effort,  probably  for  the  purpofe  of  refpiration. 
The  dionoea  mufcipula,  Venus’s  fly-trap,  clofes  its  leaves  from  the 
Aimulus  of  infeCts,  which  crawl  upon  them,  and  pierces  them  with 
its  prickles.  And  the  apocynum  androfemifolium  contracts  its  petals 
or  neCtaries  round  the  probofcis  of  the  flies,  which  ftimulate  it,  and 
holds  them  till  they  die,  or  till  the  fleep  of  the  plant  releafes  them  by 
the  relaxation  of  its  mufcular  aCtion. 

From  thefe  circumftances  it  appears,  that  there  are  not  only  muf- 
cles  about  the  moving  foot-ftalks  or  claws  of  the  leaves  and  petals 
above  mentioned;  but  that  thefe  mufcles  rauft  be  endued  with  nerves 
of  fenfe  as  well  as  of  motion.  Now,  as  when  one  part  of  a leaf  of 
mimofa  is  touched,  the  whole  leaf  falls,  it  follows,  that  there  mufl 
be  a common  fenforium,  or  brain,  where  the  nerves  communicate, 
belonging  to  this  one  leaf-bud.  To  evince  this  further  another  leaf- 
let was  flit  with  (harp  fciflars,  and  fome  feconds  of  time  elapfed,  be- 
fore the  plant  feemed  fenfible  of  the  injury;  and  then  the  whole  plant 
collapfed  as  far  as  the  principal  ftem.  Afterwards  a fmall  drop  of  oil 
of  vitriol  was  put  on  the  bud  in  the  bofom  of  a leaf  of  another  fen- 
fitive  plant ; and,  after  about  half  a minute,  when  the  brain  of  this 
bud  could  be  fuppofed  to  be  deftroyed,  the  whole  leaf  fell,  and  rofe 
no  more.  If  the  individual  buds  of  plants  poflefs  mufcles  and  nerves 
with  a brain,  or  common  fenforium  ; the  following  queftions  confe- 
quently  occur,  and  fhould  be  anfwered  in  the  affirmative.  Have  ve- 
getable buds  irritability  ? have  they  fenfation  ? have  they  volition  ? 
have  they  aflociations  of  motion  ? I am  perfuaded  they  poflefs  them 
all,  though  in  a much  inferior  degree  even  than  the  cold  blooded 
animals. 

2.  The  irritability  of  vegetable  fibres  is  demonflrated  by  the  ab- 
forption  and  circulation  of  their  fluids  in  their  roots,  leaves,  and  pe- 
tals ; which  can  not  be  explained  by  any  mechanic  law,  and  exaCtly 

correfponds 


*3  4 


MUSCLES,  NERVES,  BRAIN. 


Sect.  VII.  3. 

correfponds  with  the  abforption  of  the  aliment,  and  the  circulation  of 
the  blood  in  animals  ; which  Phyfiologifts  have  demonftrated  to  de- 
pend on  the  mufcular  motions  of  the  veffels  themfelves,  which  pof- 
fefs  irritability,  and  are  excited  into  aCtion  by  the  ftimulus  of  th.e 
fluids,  which  they  acquire  or  contain. 

The  irritability  of  vegetable  veffels  is  fhewn  by  a curious  experi- 
ment of  Von  Uflar,  who  paffed  ftrong  ele&ric  fhocks  through  a plant 
of  euphorbia,  fo  as  to  deftroy  the  life  of  the  plant ; and  he  then  ob- 
ferved  on  cutting  off  a branch,  that  it  did  not  bleed y though  a fimilar 
branch  cut  off  before  the  death  of  the  plant  effufed  much  milky 
juice ; whence  he  juftly  concludes,  that  the  eleCtric  percuffion  had 
deftroyed  the  irritability  of  the  plant. 

Mr.  Cavallo  afferts  in  his  Treatife  on  Electricity,  that  he  found  by- 
repeated  experiments,  that  the  plant  balfam  (impatiens)  was  deftroy- 
ed by  lefs  quantities  of  electricity  than  any  other  vegetables,  which 
he  fubje&ed  to  it ; and  that  on  examining  the  plant  afterwards  no 
injury  on  the  external  or  internal  parts  of  it  could  be  difcovered  ; 
whence  it  may  be  concluded  that  the  irritability  Amply,  and  not  the 
organization  of  the  plant,  was  deftroyed  by  the  unnatural  quantity  of 
ftimulus.  He  adds,  that  not  only  fhocks  from  fo  final!  a coated  fur- 
face  as  fix  or  eight  fquare  inches,  but  even  ftrong  fparks  from  a large 
condudtor  deftroyed  thefe  plants,  which  fometimes  recovered  in  a day 
or  two,  but  not  frequently.  See  SeCt.  XIII.  3.  and  SeCt.  XIV.  2.  3. 
of  this  work. 

The  afcent  of  the  fap-juice  during  the  vernal  months  in  the  ex- 
periments both  of  Hales  and  Walker,  being  retarded  or  quite  flopped 
during  the  cold  parts  of  the  day,  and  in  the  night ; and  on  the  north 
fide  of  the  tree  in  cool  days,  when  it  continued  to  flow  on  the  fouth 
fide,  can  only  be  afcribed  to  the  irritability  of  the  vegetable  veffels 
being  decreafed  by  the  deficient  ftimulus  of  heat.  See  this  fubjeCt 
further  treated  of  in  SeCl.  XIV.  1.  10.  of  this  work. 

3.  The  fenftbility  of  fibres  is  diftinguifhed  from  their  irritability 

by 
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by  the  pain  or  pleafure,  which  precedes  or  attends  any  animal  action ; 
and  therefore  fuppofes  the  exiftence  of  a common  fenforium  ; now 
when  one  divifion  of  a leaf  of  mimofa  is  injured  by  a wound  or  touch, 
in  a fhort  time  the  whole  leaf  clofes,  which  is  owing  to  the  adtions 
of  the  diftant  mufcles  about  the  footftalks  of  the  fubdivifions  of  the 
leaf.  Does  not  this  prove,  that  there  is  a brain  or  common  fenfo- 
rium, where  the  nerves  communicate  in  fome  part  of  this  bud  or 
leaf,  as  the  injury  of  one  diftant  part  of  it  thus  affedts  the  whole  ? 
or  in  other  words,  that  the  difagreeable  fenfation  is  propagated  from 
a part  to  the  whole,  and  caufes  the  actions  of  fome  diftant  mufcles, 
in  the  fame  manner  as  I draw  away  my  hand  when  my  finger  is 
hurt  ? 

There  are  mufcles  placed  about  the  foot-ftalks  of  the  leaves  or 
leaflets  of  many  plants,  for  the  purpofe  of  doling  their  upper  furfaces 
together,  or  of  bending  them  down  fo  as  to  fhoot  off  the  fhowers  or 
dew-drops,  as  in  fenfitive  plant,  mimofa;  kidney-bean,  phafeolus  ; 
and  many  trees.  The  claws  of  the  petals,  or  of  the  divifions  of  the 
calyx  of  many  flowers,  are  furnifhed  in  a fimilar  manner  with  muf- 
cles, which  are  exerted  to  open  or  clofe  the  corol  and  calyx  of  the 
flower,  as  in  tragopogon,  anemone.  This  a&ion  of  opening  and  clof- 
ing  the  leaves  or  flowers  does  not  appear  to  be  produced  fimply  by  ir- 
ritation on  the  mufcles  themfelves,  but  by  the  connexion  of  thofc 
mufcles  with  a fenfitive  fenforium,  or  brain,  exifting  in  each  individual 
bud  or  flower,  ift.  Becaufe  many  flowers  clofe  from  defedl  of  fti- 
mulus,  not  by  the  excefs  of  it,  as  by  darknefs,  which  is  the  abfence 
of  the  ftimulus  of  light ; or  by  cold,  which  is  the  abfence  of  the 
ftimulus  of  heat.  Now  the  defect  of  heat,  like  the  abfence  of 
food,  or  of  drink,  affe&s  our  fenfes  with  pain,  which  had  been  pre- 
vioufly  accuftomed  to  a greater  quantity  of  them,  and  a cutaneous 
{hivering  may  be  excited  in  confequence  of  the  pain  ; but  a mufcle 
cannot  be  faid  to  be  ftimulated  into  action  by  a defeat  of  ftimulus, 
though  fome  modern  writers  on  medicine  have  called  cold  a ftimulus 
to  animal  fibres,  which  it  always  renders  torpid  or  inactive  ; a theory 
5 derived 
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derived  from  Galen,  and  which  muft  have  originated  in  his  total  L- 
norance  of  chemiftry  and  natural  philofophy. 

In  feme  flowers  the  males  bend  into  contact  with  the  females,  as 
in  ciftus,  kalmia,  fritillaria  perfica,  lithrum  falicaria  ; in  others  the 
female  bends  to  the  males,  as  in  collinfonia,  gloriofa,  genifla,  epilo- 
bium;  which  fhews  a fenfibility  to  the  paffion  of  reproduction.  In 
irriiation  the  Simulated  mufcles  only  are  brought  into  aCtion,  with- 
out being  perceived  by  the  other  parts  of  the  fyflem;  but  in  JenJation 
the  whole  fyftem  is  affe&ed  by  means  of  the  brain  or  common  fenfo- 
rium,  and  thence  very  diftant  mufcles  are  brought  into  aCtion  to  ac- 
quire an  agreeable  objeCt,  or  to  repel  or  withdraw  from  a difagreeablc 
one.  See  Zoonomia,  Vol.  I.  Seel.  XIII.  2. 

4.  That  plants  poffefs  in  fome  degree  the  power  of  volition  would 
appear  firffc  from  the  hedyfarum  gyrans,  which  moves  its  leaves  in 
circular  directions  when  the  air  is  too  ftill.  Secondly,  from  the 
marchantia  polymorpha,  in  which  fome  yellow  wool  advances  from 
the  flower-bearing  anthers,  while  it  drops  its  duff  like  atoms.  Mur- 
ray’s Syflem  of  Vegetables.  Thirdly,  from  the  tendrils  of  vines,  and 
the  Items  of  other  climbing  vegetables,  which  continue  to  move 
round,  till  they  find  fomething  to  adhere  to,  or  till  they  have  rolled 
themfelves  up  in  a fpiral  line  like  a cork-fcrew.  And  laftly,  from 
the  efforts  of  almoft  all  plants  to  turn  the  upper  furface  of  their  leaves, 
or  their  flowers,  to  the  light. 

But  there  is  an  indubitable  proof  of  plants  pofTeffing  fome  degree 
of  voluntarity,  and  that  is  deduced  from  their  fleep.  In  animal  bodies 
ileep  confifts  in  a fufpenfion  or  temporary  abolition  of  voluntary 
power  ; the  organs  of  fenfe  being  at  the  fame  time  clofed,  or  by  fome 
other  means  rendered  unfit  for  the  perception  of  external  bodies.  Now 
the  fleep  of  plants  is  proved  by  the  hanging  down  or  clofing  of  the 
leaves  of  many  plants,  and  of  (hutting  the  petals  and  calyxes  of  many 
flowers  in  the  dark,  and  their  again  opening  or  expanding  them  in 
the  light,  or  at  certain  hours  of  the  day. 
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5.  In  refpeCt  to  vegetables  acquiring  afibciations  of  motion,  or  ha- 
bits of  aCtion,  the  former  is  feen  in  the  abforptions  and  circulations  of 
their  fluids,  and  in  the  various  movements  above  defcribed  ; which 
whirl  their  leaves  or  tendrils,  and  clofe  or  open  their  corols  and  ca- 
lyxes, which  could  not  be  performed  without  the  fynchronous  and 
afl'ociated  aCtions  of  many  mufcles ; as  in  the  abforptions  and  circu- 
lations of  animal  bodies,  and  the  movements  of  their  limbs. 

Other  acquired  habits  of  vegetable  aCtions  appear  from  the  grains 
and  roots  brought  from  more  fouthern  latitudes,  which  germinate 
here  fooner  than  thofe  which  are  brought  from  more  northern  ones, 
owing  to  their  acquired  habits.  Fordyce  on  Agriculture.  And  from 
the  apple  trees  fent  from  hence  to  New  A'ork,  which  bloflomed  for  a 
few  years  too  early  for  the  climate,  and  bore  no  fruit ; but  after- 
wards learnt  to  accommodate  themfelves  to  their  new  fituation.  Tra- 
vels in  New  York  by  Profeflor  Kalm. 

The  divifions  of  the  leaves  of  the  fenfitive  plant  have  been  accuf- 
tomed  to  contract  at  the  fame  time  from  the  abfence  of  light ; hence 
if  by  any  other  circumftanee,  as  a flight  ftroke  or  injury,  one  divi- 
fion  is  irritated  into  contraction  ; the  neighbouring  ones  contract  alfo, 
from  their  motions  being  afl'ociated  with  thofe  of  the  irritated  part. 
So  the  various  (tamina  of  the  barberry  have  been  accuftomed  to  con- 
trad  together  in  the  evening ; and  thence,  if  you  (Emulate  one  of 
them  with  a pin,  according  to  the  experiment  of  Dr.  Smith,  they  all 
contrad  from  their  acquired  aflociations. 

6.  This  leads  us  to  a curious  inquiry,  whether  vegetables  poffefs 
any  organs  of  fenfe  ? Certain  it  is,  that  they  poflefs  a fenfe  of  heat 
and  cold,  another  of  moifture  and  drynefs,  and  another  of  light  and 
darknefs  ; for  they  clofe  their  petals  occafionally  from  the  prefence 
of  cold,  moifture,  or  darknefs.  Audit  has  been  already  (hewn,  that 
thefe  aCtions  cannot  be  performed  (imply  from  irritation,  becaufe  cold 
and  darknefs  are  defective  quantities  of  our  ufual  ftimuli ; and  that 
an  .that  account  fenfation  or  volition  are  employed  ; and  in  confe- 
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quence  a fenforium  or  union  of  the  nerves  muft  exift.  So  when  we 
go  into  the  light,  we  contract  the  iris,  not  from  any  flimulus  of  the 
light  on  the  fine  mufcles  of  the  iris,  but  from  its  motions  being  af- 
fociated  with  the  fenfation  of  too  much  light  on  the  retina,  which 
could  not  take  place  without  a fenforium  or  center  of  union  of  the 
nerves  of  the  iris  with  thofe  of  vifion. 

7.  Befides  thefe  organs  of  fenfe,  which  diftinguifh  cold,  moifture, 
and  darknefs,  the  leaves  of  mimofa,  and  of  dionasa,  and  of  drofera, 
and  the  ftamens  of  many  flowers,  as  of  the  barberry,  and  of  the  nu- 
merous clafs  of  fyngenefia,  are  fenfible  to  mechanic  impact ; that  is, 
they  poflefs  a fenfe  of  touch  ; and  as  many  of  their  diftant  mufcles  are 
in  confequence  excited  into  a&ion,  this  alfo  evinces,  that  they  poflefs 
a common  fenforium,  by  which  this  fenfation  is  communicated  to  the 
whole,  and  volition  occafionally  exerted. 

8.  Laflly,  in  many  flowers  the  anthers  when  mature  approach  the 
fligma,  in  others  the  female  organ  approaches  to  the  male.  I afk, 
by  what  means  are  the  anthers  in  many  flowers,  and  ftigmas  in  other 
flowers,  directed  to  find  their  paramours  ? Is  this  curious  kind  of 
florge  produced  by  mechanic  attraction,  or  by  the  fenfation  of  love  ? 
The  latter  opinion  is  fupported  by  the  ftrongeft  analogy,  becaufe  a 
reproduction  of  the  fpecies  is  the  confequence  ; and  then  another  or- 
gan of  fenfe  muft  be  wanted  to  direCt  thefe  vegetable  ..amourettes 
to  find  each  other ; one  probably  analagous  to  our  fenfe  of  fmell, 
which  in  the  animal  world  directs  the  new-born  infant  to  its  fource 
of  nourifhment ; and  in  fome  animals  direCts  the  male  to  the  female  ; 
and  they  may  thus  poflefs  a faculty  of  perceiving  as  well  as  of  pro- 
ducing odours. 

A mod  curious  example  of  the  exiftence  of  fome  kind  of  fenfe, 
which  may  direCt  the  piftils,  or  female  parts  of  the  flowers  of  col- 
linfonia,  which  way  to  bend  for  the  purpofe  of  finding  the  mature 
males,  is  related  in  Botanic  Garden,  VoLI.  Canto  IV.  1.  460,  where 
fome  of  the  piftils  miftake  the  males,  or  ftamens,  of  the  neighbouring. 
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flowers  for  their  own  hufbands  ; and  bending  into  contafl  with  them 
become  guilty  of  adultery.  See  SeCti  VII.  2.  2.  of  this  work. 

9.  Thus,  befides  a kind  of  tafte  or  appetency  at  the  extremities  of 
their  roots,  fimilar  to  that  of  the  extremities  of  our  ladteal  vefiels,  for 
the  purpofe  of  fele&ing  their  proper  food  ; and  befides  different  kinds 
of  irritability  or  appetency  refiding  in  the  various  glands,  which  fepa- 
rate  honey,  wax,  refin,  and  other  juices  from  their  blood  ; vegetable 
life  feems  to  poflefs  an  organ  of  fenfe  to  diftinguifh  the  variations  of 
heat,  another  to  diftinguifh  the  varying  degrees  of  moifture,  another 
of  light,  another  of  touch,  and  probably  another  analogous  to  our  fenfe 
of  fmell.  To  thefe  muft  be  added  the  indubitable  evidence  of  their 
paflion  of  love,  and  of  their  neceflity  to  fleep  j and  I think  we  may 
truly  conclude,  that  they  are  furnifhed  with  a brain  or  common  fen- 
forium  belonging  to  each  bud. 

But  whether  this  brain,  or  common  fenforium,  refides  in  the  me- 
dulla, or  pith,  which  occupies  the  central  parts  of  every  bud  and  leaf, 
like  the  fpinal  marrow  of  animals,  has  not  yet  been  certainly  deter- 
mined. By  this  medulla  is  meant  only  the  pith  of  each  individual 
bud,  not  that  which  is  feen  in  the  center  of  a tree,  which,  like  the 
wood  which  furrounds  it,  has  long  ceafed  to  have  vegetable  life. 

The  pith,  or  medulla  of  each  bud,  is  fuppofed  by  its  elafticity  to 
pufh  out  the  central  part  of  the  bud  ; as  the  veficular  productions  on 
the  infide  of  young  quills  are  fuppofed  to  pufh  forwards  their  early 
growth,  and  in  fome  birds  are  faid  by  Mr.  Hunter  to  receive  air  from 
the  lungs.  It  is  more  probable  that  this  pith,  or  medulla  oblongata 
of  plants,  fupplies  the  fpirit  of  vegetation,  fince  it  exifts  in  all  buds 
in  their  moft:  early  ftate,  and  does  not  communicate  from  one  bud  to 
another,  and  thus  diftinguifh  them  from  each  other,  and  evinces 
their  individuality.  See  SeCl.  I.  8.  and  IX.  2.  4. 
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PART  THE  SECOND. 

ECONOMY  OF  VEGETATION. 

SECT.  IX. 

THE  GROWTH  OF  SEEDS,  BUDS,  AND  BULB3. 

L I.  Seeds  refemble  eggs.  2.  ’The  enibryon  is  of  different  maturity.  The  leaves 
1 vifible  in  Jome  feeds.  3.  Why  the  -plumula  afcends  and  the  root  defcends.  Is  nou- 
rifhed  by  the  feed-lobes,  by  the  fruit.  Becomes  a dwarf  if  deprived  of  them. 
Melons  and  cucumbers  are  too  luxuriant.  Turnep-feed  Jhould  be  nevs.  4.  Seeds 
have  hard  /hells,  have  acrid  rinds  with  bitter  or  narcotic  juices , but  pure Jl arch  may 
be  procured from  them.  5.  Umbilical  veffels , and  roots  of  feeds.  Annual,  biennial , 
and  perennial  plants.  Refervoirs  of  nutriment  in  their  roots.  All  'plants  are  bi- 
ennials. Bulbs  and  buds  fucceed  each  other  many  times  before  they  flower. 
6.  Wheat.  Stems  and  roots  round  the  firft  joint.  Has  no  neldary.  Is  greatly 
increafed  by  tranfplanting.  II.  1.  Buds  are  a viviparous  progeny.  Protested  by 
fcales  and  varnifh.  Grow  by  piping  with  more  heat  and  moifture  as  they  exhale  lefs. 
Are  individual,  annual,  or  biennial  plants.  2.  Buds  of  herbs.  Evergreens  have 
no  bleeding  feoflon.  3.  Buds  of  deciduous  trees  are  in  different  ftates  of  maturity,, 
as  in  hepatica,  daphne,  ofmunda.  Some  buds  are  invifible.  4.  Importance  cf  the 
pith  like  the fpinal  marrow ; it  lines  hollow  ftalks.  5..  Refervoir  of  nutriment  for 
buds.  Their  umbilical  veffels.  6 . A bud  contains  many  embrycns.  The  firft 
leaf -buds  often  deftroyed  by  infields.  The  flower-buds  only  injured  by  them.  7.  Vi- 
gorous branches  produce  leaf -buds,  weak  ones  flower -buds.  Why  feeding  apples 
are  long  before  they  bear.  Why  pears  bear  only  at  their  extremities.  8.  New 
buds  may  be  made  either  leaf -buds  by  lopping  a part  of  the  branch,  or  flower  - 
buds  by  bending  the  branch  down,  or  cutting  a ring  in  the  bark , or  flrangulating 
I it 
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it  with  a wire.  Debarked  oaks  'pullulate.  Sap-juice  in  the  alburnum.  9.  A 
pauje  in  vegetation  about  midjummer.  ‘Trees  then  fecrete  nutriment  in  their  roots 
and Jap-wood for  the  new  buds.  Are  then  bejl  tranfplanted  without  lopping  their 
branches.  10.  Caudexes  of  the  buds  form  the  barky  whofe  veffels  inofculate.  Heart - 
wood  dies.  Sap-wood  alls  as  umbilical  vejfels,  and  afterwards  as  capillary  tubeSy 
or  as  capillary  Jyphons.  1 1 . Flower -buds  perijh  without  increafing  the  bark  by 

new  caudexes.  Are  convertible  into  leaf-buds.  Vegetable  monjlers.  1 2.  Central 
part  of  an  adult  bud.  III.  1.  Bulbs.  Leaf-bulbs  precede  flower- bulbs  in 
the  tulip  as  leaf- buds  in  apple-trees , as  joints  in  the  ftalk  of  wheat.  Solitary  ge- 
neration of  inf e As.  2.  Bulbs  of  onions.  Orchis.  Tulip.  Hyacinth.  Ranun- 
culus. Iris.  3.  Roots  of  potatoes.  Wires  of  fir  awberries.  Seeds  of  orchis . 
Flowers  of  potatoes.  4.  Stem-bulbs  on  magical  onions  are  fimilar  to  root-bulbs. 
5.  Root -grafting.  Root-inoculation.  Root-propagation.  Suckers  of  trees.  Root- 
buds  of  herbaceous  plants.  Internal  parts  of  which  decay.  6.  Tuberous  roots  of 

turnep  and  carrot  are  refervoirs  of  nutriment  for  the  fucceeding  fiower-fiem.  No 
flower-bud  is  ever  produced  from  a feed  without  previous  leaf-buds.  Why  feedling 
apple-trees  are  ten  or  twelve  years  before  they  bear  fruit.  Magazines  of  aliment 
in  almoft  all  roots.  7.  Ufe  of  the  horf e-hoe  to  accumulate  earth  round  the  wheat- 
plants.  Wheat  dropped  on  the  foil  fhoots  up  but  one  fiern.  Covered  with  the foil 

it  fhoots  up  many.  And  tranfplanted  deeper  in  the  foil  many  more.  Potatoes3  vines , 
and  JigSy  produce  lateral  roots  from  their  joints.  So  does  the  bark  if  wounded  cir- 
cularly. Ufe  of  eating  down  forward  wheat  with  peep. 

I.  1.  Having  treated  of  the  phyfiology,  we  now  ftep  forwards  to 
conflder  the  economy  of  vegetation,  as  far  as  it  may  ferve  the  pur- 
pofes  of  agriculture  and  gardening. 

After  the  produ&ion  of  the  feed,  or  vegetable  egg  in  the  pericarp 
of  flowers,  and  its  enfuing  impregnation  by  the  farina  of  the  anthers 
fhed  upon  the  ftigma,  a coagulated  point  appears  on  the  feed-lobes 
according  to  the  obfervations  of  Spallanzani,  like  the  cicatricula  on 
the  yolk  of  the  egg. 

The  feed  continues  to  grow  in  the  pericarp  fuftained  by  adapted 
fecretions  from  the  vegetable  blood,  which  is  previoufly  oxygenated  in 

8 the 


SEEDS,  BUDS,  BULBS. 


Sect.  IX.  i.  2,  3. 


J4  3. 


the  bradles  or  floral- leaves  of  many  plants  ; in  others  the  feed  is  it- 
felf  inclofed  in  an  air-veffel  probably  for  that  purpofe,  as  in  ftaphylea, 
bladder  nut,  and  tagetes,  African  marygold.  At  the  fame  time  a re- 
fervoir  of  nutriment  is  fecreted,  and  depofited  in  the  feed-lobes  or  co- 
tyledons, which  are  Angle  ones  in  the  feeds  of  palms,  grafles,  and 
lilies  ; though  twofold  in  thofe  of  moft  other  herbs  and  trees ; whence 
the  ffridlefl:  analogy  exifts  between  feeds  and  eggs. 

2.  In  fome  feeds,  when  they  leave  the  vegetable  uterus,  this  em- 
bryon  is  much  more  mature  than  in  others.  In  the  feeds  of  the 
nymphaea  nelumbo  the  leaves  of  the  future  plant  were  feen  fo  dif- 
tindtly  by  Mr.  Ferber,  that  he  found  out  by  them  to  what  plant  the 
feeds  belonged.  The  fame  in  the  feeds  of  the  tulip-tree,  lirioden- 
dron  tulipiferum.  Amaen.  Acad.  V.  VI.  No.  120.  And  Mr.  Baker 
afferts,  that  on  differing  a feed  of  trembling  grafs,  he  difcovered  by 
the  microfcope  a perfect  plant  with  roots  fending  forth  two  branches, 
from  each  of  which  feveral  leaves  or  blades  of  grafs  proceeded.  Mi- 
crofc.  Vol.  I.  p.  252.  While  in  other  feeds  the  corculum,  or  heart 
only  of  the  feed,  is  diffindtly  viflble,  as  in  the  kernel  of  the  walnut, 
and  the  feed  of  the  garden-bean.  So  in  the  animal  kingdom  the  young 
of  fome  birds  are  much  more  mature  at  their  birth  than  thofe  of  others. 
The  chickens  of  pheafants,  quails,  and  partridges,  can  ufe  their  eyes, 
run  after  their  mothers,  and  peck  their  food,  almoft  as  foon  as  they 
leave  their  (hell;  but  thofe  of  the  linnet,  thrufh,  and  blackbird,  con- 
tinue many  days  totally  blind,  and  can  only  open  their  callow  mouths 
for  the  offered  morfel. 

3.  When  the  feed  falls  naturally  upon  the  earth,  or  is  buried  arti- 
ficially in  fhallow  trenches  beneath  the  foil,  the  firft  three  things  ne- 
ceffary  to  its  growth  are  heat,  water,  and  air.  Heat  is  the  general 
caufe  of  fluidity,  without  which  no  motion  can  exift ; water  is  the 
menftruum,  in  which  the  nutriment  of  vegetable  and  animal  bodies 
is  conveyed  to  their  various  organs ; and  the  oxygen  of  the  atmo- 
fphere  is  believed  to  afford  the  principle  of  excitability  fo  perpetually 
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neceffary  to  all  organic  life  ; and  which  renders  the  living  fibres  both 
of  the  vegetable  and  animal  world  obedient  to  the  ffimuli,  which  are 
naturally  applied  to  them. 

Whence  we  may  in  fome  meafure  comprehend  a difficult  quef- 
tion  ; why  the  plume  of  a feed  fowed  upon,  or  in  the  earth,  fhould 
afcend,  and  the  root  defcend,  which  has  been  afcribed  to  a myflerious 
inftin&j  the  plumula  is  flimulated  by  the  air  into  adtion,  and  elon- 
gates itfelf,  where  it  is  thus  mofl  excited  ; and  the  radicle  is  Simu- 
lated by  moifture,  and  elongates  itfelf  thus,  where  it  is  mod  excited, 
whence  one  of  them  grows  upwards  in  quell  of  its  adapted  object, 
and  the  other  downward. 

The  firfl  fource  of  nutriment  fupplied  to  the  feminal  embryon,  af- 
ter it  falls  from  the  parent  plant,  exifts  in  the  feed-lobes,  or  cotyle- 
dons, which  either  remain  beneath  the  earth,  and  are  permeated  by 
the  umbilical  veffels  of  the  embryon  plant,  which  abforb  the  muci- 
laginous, farinaceous,  or  oily  matter  depolited  in  them,  as  in  the  bean, 
pifum  ; or  the  feed-lobes  rife  up  into  the  air  along  with  the  young 
plant,  as  in  the  kidney-bean,  phafeolus,  become  feed-leaves,  and  ferve 
both  as  a nutritive  and  refpiratory  organ.  Thefe  cotyledons  or  feed- 
lobes  generally  contain  mucilage,  as  in  quince-feed  ; or  ftarch,  as  in 
wheat  ; or  oil,  as  in  line-feed.  Some  of  thefe  nutritive  materials 
are  probably  abforbed  unchanged,  or  diffolved  only  by  the  moiffure 
of  the  earth  ; others  are  converted  into  fugar  partly  by  a chemical 
procefs,  and  partly  by  the  digeftive  powers  of  the  young  plant,  as  ap- 
pears in  the  procefs  of  germinating  barley,  and  converting  it  into 
malt ; thefe  refervoirs  of  nutriment  are  hence  perfectly  analogous  to 
the  white  of  the  egg,  a part  of  which  is  probably  abforbed  unchanged 
by  the  lymphatics  of  the  young  embryon,  and  a part  of  it  converted 
into  a fweet  chyle  for  the  nouriffiment  of  the  chick,  when  it  has 
acquired  a ftomach. 

If  the  feed  be  deprived  of  thefe  cotyledons,  foon  after  the  root  ap- 
• pears,  it  will  continue  to  grow,  but  with  lefs  vigour,  and  is  laid  to  pro- 
duce 
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duce  a dwarf  plant  from  three  to  nine  times  lefs  than  the  parent. 
Hence  the  feeds  of  plants,  which  are  liable  to  produce  too  vigorous 
roots,  and  thence  have  not  time  to  ripen  their  fruits  in  the  Ihort  fum- 
mers  of  this  climate,  or  which  fill  our  hot-beds  with  too  luxuriant  fo- 
liage, as  melons,  and  cucumbers,  fhould  in  this  climate  be  kept  three 
or  four  years  ; by  which  part  of  the  mucilaginous,  or  farinaceous,  or 
oily  matter  of  the  cotyledons  becomes  injured  or  decayed,  and  the  new 
plant  grows  lefs  luxuriantly. 

Another  fource  of  nutriment  for  the  feminal  embryon  of  many 
plants  exifts  in  the  fruit,  which  envelopes  the  done  or  feed- veil'd, 
after  the  growing  fetus  has  burft  its  confinement,  and  fo  far  re- 
fembles  the  yolk  of  the  egg,  which  becomes  a nutriment  to  the  chick, 
after  it  has  confumed  the  white,  and  eloped  from  its  fhell. 

When  mature  fruit,  as  an  apple  or  a cucumber,  falls  upon  the 
ground,  it  fupplies,  as  it  ripens  or  decays,  a fecond  fource  of  nou- 
rifhment,  which  enables  the  inclofed  feeds  to  fhoot  their  roots  into 
the  earth,  and  to  elevate  their  Items  with  greater  vigour.  Hence 
fruits  generally  contain  a faccharine  matter,  or  juices  capable  of  be- 
ing converted  into  fugar,  either  by  a fpontaneous  chemical  procefs,  as 
in  baking  four  apples  ; or  by  a vegetable  procefs,  as  in  thofe  four 
pears,  which  continue  to  ripen  for  many  months  both  before  and  af- 
ter they  are  plucked  from  the  tree,  as  long  as  life  remains  in  them  ; 
that  is,  till  they  ferment  or  putrify  ; and  laftly,  by  the  digeifive 
power  of  the  young  embryon,  as  above  mentioned. 

If  the  feed  be  deprived  of  the  fruit,  it  will  indeed  vegetate,  but 
with  lefs  vigour.  Hence  thofe  feeds  which  are  liable  to  produce  too 
vigorous  fhoots  for  this  climate,  as  the  feeds  of  melons  and  cucum- 
bers, Ihould  be  walked  clean  from  their  pulp,  before  they  are  hoard- 
ed, and  preferved  three  or  four  years  before  they  are  fown  in  hot 
beds.  But  thofe  feeds,  which  are  fown  late  in  the  feafon  for  the  pur- 
pofe  of  producing  winter  fodder,  as  the  feeds  of  turneps,  fhould  be 
collected  and  preferved  with  every  poflible  advantage  ; and  on  this 
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account  new  feed  is  much  to  be  preferred  to  that  which  has  been 
long  kept. 

4.  Many  feeds  when  mature  are  difperfed  far  from  the  parent  tree, 
for  the  purpofe  of  their  growth,  by  various  contrivances,  as  men- 
tioned in  Se£t.  VII.  2.  5.  Some  of  thefe  are  furrounded  with  hard 
fhells,  which  are  impenetrable  by  infects,  as  they  lie  on  the  earth  to 
take  root,  as  peaches,  nectarines,  nuts,  cocoa-nuts.  Other  feeds  are 
furniflied  with  an  acrid  covering  to  prevent  the  depredation  of  infedts, 
as  the  peel  of  oranges  and  lemons,  the  outward  hulk  and  inward  rind 
of  walnuts,  and  of  cafhew-nuts,  and  the  Ikin  of  muftard-feed,  and 
rape-feed  ; other  feeds  for  the  fame  purpofe  abound  with  bitter  or 
narcotic  juices,  as  the  horfe-chefnut,  acorn,  apricot,  cherry,  many  of 
which  fupply  materials  to  the  (hops  of  medicine,  and  may  fupply  nu- 
triment in  times  of  fcarcity;  as  the  (larch,  which  they  contain,  may 
be  procured  by  grating  them  into  cold  water,  and  wafhing  away  the 
mucilage,  and  the  poifonous  material,  which  adheres  to  it,  or  which- 
is  foluble  in  water. 

5.  The  plumula  of  the  feed,  or  embryon  plant,  abforbs  the  nutri- 
ment laid  up  for  it  in  the  feed-lobes  by  veffels,  which  permeate  them 
for  that  purpofe,  and  have  been  termed  umbilical  veffels  ; and  after- 
wards (hoots  its  roots  down  into  the  fruit,  or  into  the  earth,  in  fearch 
of  other  nourifhment  ; and  expands  its  leaves  in  the  air  as  an  organ  of 
refpiration. 

Thofe  plants,  which  are  ufually  termed  annuals,  produce  their 
flowers  and  die  in  the  fame  year  in  which  their  feeds  are  fown  ; as 
barley,  oats,  and  a variety  of  garden  flowers.  Thefe  neverthelefs  in 
accurate  language  fnould  be  termed  biennials,  becaufe  the  feed  in 
this  climate  is  produced  in  one  fummer  ; and  the  embryon  plant  be- 
comes mature  in  the  next  ; as  the  feed  is  generally  preferved  in  our 
granaries,  or  feed-boxes,  and  not  committed  to  the  ground  till  the  en- 
fuing  fpring;  for  many  of  thefe  vegetables  are  not  natives  of  this 
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‘ climate,  and  would  perifti  if  the  feeds  were  fowti  in  autumn,  when 
it  is  naturally  fcattered  on  the  earth. 

Thofe  which  are  ufually  termed  biennial  plants,  differ  from  the 
former,  firft  in  the  time  of  fowing  the  feed,  which  is  generally  in  the 
early  autumn,  as  foon  as  it  is  ripe,  as  of  turneps,  carrots,  wheat  ; 
and  thus  thefe  produce  their  flowers  in  the  fecond  year  after  the  feed 
is  fowiij  which  has  given  them  the  name  of  biennials.  Many  of  thefe 
plants,  perhaps  all  of  them,  lay  up  a refervoir  of  nutritious  matter 
during  the  fummer  or  autumn  in  their  roots.  This  nutriment  is 
fecreted  from  the  vegetable  blood,  which  is  previoufly  oxygenated 
for  that  purpofe  in  the  large  leaves,  which  generally  furround  the 
caudex  of  the  plant,  as  in  turneps  and  carrots.  Thefe  leaves  furvive 
the  winter  in  many  plants,  which  the  more  fucculent  ftems  probably 
would  not ; and  the  nutriment  deposited  in  the  root  is  expended  in 
the  growth  of  the  ftem  and  the' production  of  feed  in  the  enfuing 
fpring.  As  in  thefe  vegetables  one  of  our  fummers  is  too  fhort  for 
their  growth  from  the  feed  to  the  fructification  ; and  it  is  for  this 
refervoir  of  nutriment  that  thefe  plants  are  generally  cultivated. 

But  thofe  plants,  which  are  termed  perennial,  when  fir  ft  raifed 
from  feed,  are  many  of  them  fome  years  before  they  produce  flowers. 
Some  of  them  form  bulbous  roots,  as  the  tulip,  hyacinth,  onion, 
which  are  three  or  four  years  before  they  flower,  during  which  time 
I believe  all  the  bulbs  die  annually,  producing  one  larger  than  that  of 
the  preceding  year,  and  perhaps  fome  fmaller  ones,  all  which  an- 
nually increafe  in  fize  till  they  flower.  The  fame  occurs  in  potatoe- 
roots  raifed  from  feed,  which  do  not  flower  as  I am  informed  till  the 
third  year,  and  then  only  thofe  which  feemed  of  ftronger  or  for- 
warder growth. 

Other  perennial  plants  have  palmated  or  branching  roots  ; in  fome 
of  thefe,  as  in  feedling  apple-trees,  the  flower  is  faid  not  to  appear  till 
ten  or  twelve  years  after  the  feed  is  fown ; the  buds  lieverthelefs 
annually  dying  and  producing  other  buds  over  them,  perhaps  more 
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perfect  ones,  as  they  acquire  after  a few  years  the  power  of  produc- 
ing fexual  organs,  and  in  confequence  a feminal  progeny.  In  thefe 
perennial  herbaceous  plants  and  trees  a magazine  of  nutriment  is  pro- 
vided in  their  roots  or  fap-wood,  to  fupply  the  new  buds,  which  are 
to  grow  in  the  enfuing  fpring. 

Whence  it  appears,  that  all  the  vegetables  of  this  climate  may  be 
termed  biennial  plants ; as  the  feeds  of  fome,  and  the  buds  or  bulbs 
of  others,  are  produced  in  one  fummer,  and  flourifh  and  die  in  the 
next  ; thofe  which  are  called  annuals  or  biennials  leaving  behind  them 
a future  progeny  of  feeds  only ; thofe,  which  are  termed  perennial 
herbaceous  plants,  leaving  behind  them  the  firft  year  or  two  a pro- 
geny of  bulbs  or  root-buds  only,  and  afterwards  a progeny  of  feeds 
alfo  ; while  the  perennial  arborefcent  vegetables  leave  behind  them  a 
progeny 'of  buds  only  for  feveral  fucceffive  years,  and  afterwards  a 
progeny  of  both  buds  and  feeds. 

Thus  the  bulb  from  a tulip-feed  produces  a more  perfect  bulb  an- 
nually, till  it  flowers,  I believe,  on  the  fifth  year.  It  then  produces 
a flower,  and  alfo  one  perfect  bulb,  which  flowers  the  next  year  ; 
and  fome  other  lefs  perfect  bulbs,  which  are  fucceeded  by  more  perfedb 
ones  annually,  till  they  alfo  flower.  Whence  I conclude,  that  no 
tulip  bulb  flowers  till  the  fourth  or  fifth  generation. 

It  is  probable,  that  a fimilar  circumflance  occurs  in  other  vegeta- 
bles, as  in  apple-trees  ; and  that  the  buds  of  thefe  do  not  produce 
fexual  organs,  and  a confequent  feminal  progeny,  till  the  twelfth  or 
fourteenth  generation  of  the  bud  from  the  feed  ; each  of  thofe  buds 
neverthelefs  producing  one  principal  bud  annually  more  perfect  than 
itlelf,  and  many  lateral  buds  lefs  perfect  than  itfelf ; that  is,  at  a greater 
diftance  from  that  ftate  of  maturity  which  enables  it  to  form  a flower. 
This  art  of  diflinguifhing  the  greater  or  lefs  maturity  of  buds  is  a 
matter  of  great  importance  in  the  management  of  fruit-trees,  as  in 
many  of  them  the  central  bud  becomes  a fpur  one  year,  and  flowers 
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the  next  ; and  the  lateral  buds  one  or  two  years  afterwards,  as  will 
be  mentioned  in  Sedt.  XV.  on  the  produdtion  of  fruit. 

6.  In  wheat  there  exifts  about  the  caudex  a refervoir  of  nutritious 
juices  depofited  in  the  autumn  for  the  purpofe  of  railing  the  Hem 
in  the  enfuing  fpring  like  that  of  turneps  and  carrots;  but  which 
is  attended  with  other  circumftances  peculiar  I fuppofe  to  the  gralTes, 
and  other  plants,  which  poflfefs  only  one  cotyledon  or  feed-lobe.  The 
early  leaf,  which  furrounds  the  firft  joint  of  the  ftem,  withers,  as  the 
fpring  advances ; in  which  joint  it  had  previoufly  depofited  a faccha- 
rine  juice,  and  probably  fome  new  embryon  buds  were  at  the  fame 
time  generated  in  the  caudex  ; for  through  this  witheredleaf,  which 
furrounds  the  firft  joint  of  the  ftem  within  the  earth,  a circular  fet 
of  new  fteras  iffue  adhering  to  it,  and  a circle  of  roots  below  them  ad- 
hering to  the  caudex  or  bale  of  it.  Thefe  new  buds  rile  into  air,  and 
fhoot  their  roots  into  the  earth  ; and  in  this  manner  many  ftems  are 
produced  in  the  fpring  from  one  feed  fowed  in  the  autumn  preced- 
ing ; though  in  fome  kinds  of  wheat  the  whole  procefs  of  the  feed 
riling  from  earth,  and  producing  other  ftems  round  the  principal  one, 
and  of  ripening  its  feeds,  may  be  performed  in  one  fummer  even  in 
this  northern  climate. 

Another  peculiarity  attends  the  growth  of  wheat  and  other  grades; 
the  leaf,  which  furrounds  and  (Lengthens  the  ftem  by  its  foot-ftalk, 
depofits  at  every  lower  joint  a faccharine  matter  for  the  purpofe  of 
nourilhing  the  afeending  part  of  the  young  ftem  ; and  in  the  upper- 
moft  joint,  I fuppofe,  to  ferve  inftead  of  honey  for  the  ftamens  and 
ftigmas,  as  their  flowers  have  no  vifible  nedtary  ; and  as  the  feales 
of  the  flower  may  with  good  reafon  be  efteemed  a calyx  rather  than 
a corol,  according  to  the  opinion  of  Mr.  Milne  ; as  thefe  feales  attend 
the  feed-veflel  to  its  maturity,  which  the  corol  does  not.  Milne’s  Bo- 
tanical Didt.  Art.  Gramina. 

Owing  to  this  fecretion  of  faccharine  matter  at  the  foot-ftalk  of 
every  leaf,  and  its  colledtion  round  the  joints  of  grades,  it  happens 
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that  when  thefe  joints  are  furrounded  with  moift  earth,  and  are  plac- 
ed but  a certain  depth  from  the  air,  that  new  buds  will  put  forth 
round  thefe  joints,  and  ftrike  their  roots  into  the  foil.  Whence  the 
agrarian  hufbandman  may  derive  great  advantage  from  tranfplanting 
his  wheat,  after  it  has  produced  a circle  of  new  ftems  from  the  firft 
joint  of  the  ftraw  ; for  if  he  then  parts  and  replants  them  an  inch  or 
two  deeper  in  the  ground,  fo  as  to  cover  the  fir  ft  joint  of  each  of 
thefe  additional  ftems,  he  may  multiply  every  one  of  them  four  or 
fix  times,  and  thus  obtain  twenty  or  thirty  ftems  from  one  original 
feed.  See  No.  III.  1.  and  7.  of  this  fedion. 

II.  1.  Other  vegetable  embryons  are  produced  in  the  buds  on  the 
ftems  or  branches  of  trees,  which  may  be  termed  the  viviparous  pro- 
geny of  plants,  in  contradiftindion  to  thofe  from  feeds,  which  may 
be  termed  their  oviparous  progeny.  Thefe  buds  are  either  leaf-buds 
or  flower-buds,  or  both  in  one  covering  ; the  bud  is  termed  hyber- 
naculum,  or  winter-cradle,  of  the  embryon  fhoot,  and  is  covered  with 
fcales,  and  often  with  a refinous  varnifh,  as  in  tacamahacca,  to  pro- 
ted  it  from  the  cold  and  moifture  of  the  enfuing  winter,  and  from 
the  depredation  of  infeds. 

Thefe  by  inoculation  or  ingrafting  on  other  ftems  of  trees,  or  by 
being  planted  in  the  earth,  become  plants  exadly  fimilar  to  their  pa- 
rents. A fmall  glafs  inverted  over  thefe  buds,  when  fet  in  the 
earth,  contributes  to  infure  their  growth  by  preventing  too  great  an 
exhalation  ; otherwife  they  are  liable  to  perfpire  more  than  they  can 
abforb,  before  they  have  acquired  roots  ; this  the  gardeners  call  pip- 
ing a flip,  or  a cutting,  of  a plant.  In  this  fituation  a greater  heat 
may  be  given  them,  as  in  hothoufes,  without  increafing  their  quan- 
tity of  perfpiration,  which  ceafes  as  foon  as  the  air  in  the  glafs  is  fa- 
turated  with  moifture;  and  the  increafe  of  heat  much  contributes  to 
the  protrufion  of  their  roots  and  new  buds,  as  they  can  at  the  fame 
time  bear  to  be  fupplied  with  a greater  quantity  of  moifture. 

Every  bud  of  moft  of  the  deciduous  trees  of  this  climate  may  there- 
8 fore 


Sect.  IX.  2.  2. 


SEEDS,  BUDS,  BULBS. 


I5I 


fore  be  considered  as  an  individual  biennial  plant,  as  diftin&ly  fo  as  a 
feed ; that  is,  the  bud  like  a feed  is  formed  in  one  fummer,  grows  to 
maturity  in  the  next,  and  then  dies.  I11  fome  trees  neverthelefs  of 
this  climate,  as  the  mock  orange,  philadelphus,  acacia,  viburnum  j 
and  in  the  evergreen  Shrubs  or  trees,  as  holly,  laurel,  vinca,  heath, 
and  rue  ; and  in  all  thofe  herbs  commonly  called  annuals  ; and  in  mod 
of  the  trees  of  warmer  climates  ; the  buds  appear  to  be  formed  in 
the  vernal  months,  and  to  arrive  at  their  maturity  during  the  fame 
year ; and  may  therefore  properly  be  called  annual  plants. 

2.  The  bud  of  thefe  herbs,  which  are  commonly  called  annuals,, 
rifes  in  the  bofom  of  a leaf;  and,  as  it  adheres  to  its  parent,  requires 
no  female  apparatus  to  nourish  it,  but  gradually  Strikes  down  roots 
from  its  caudex  into  the  ground,  which  caudex  forms  a part  of  the 
bark  of  the  increafing  plant.  This  occurs  in  thofe  herbaceous  vege- 
tables, which  have  juft  rifen  from  feeds;  the  buds  of  which  are  pro- 
perly individual  annual  plants,  which  grow  to  maturity  adhering  to 
the  parent,  and  do  not  therefore  refemble  a feed  or  egg,  as  there  is 
no  refervoir  of  nutriment  laid  up  for  them. 

This  circumftance  alfo  happens,  I fuppofe,  to  the  evergreen  Shrubs 
and  trees  of  this  climate,  as  to  heath,  rue,  box,  pine,  laurel ; for  in 
thefe  vegetables,  as  the  leaf  does  not  die  in  the  autumn,  it  continues 
to  oxygenate  the  blood,  and  to  fupply  nourishment  to  the  bud  in  its 
bofom  during  the  fine  days  of  winter,  and  in  the  Spring,  and  Survives 
till  near  midfummer  ; that  is,  till  the  new  bud  has  expanded  a leaf  of 
its  own.  Whence  I fuppofe  thefe  evergreens  lay  up  in  fummer  no 
Slore  of  nutriment  in  their  roots  or  alburnum  for  the  fufienance  of 
their  enfuing  vernal  buds  ; and  have  thence  probably  no  bleeding  Sea- 
fon  like  deciduous  trees. 

But  the  embryon  in  a bud  of  a deciduous  plant  leaves  in  the  fprinc’ 
of  the  year  its  winter  cradle,  or  hybernaculum,  like  the  embryon  in 
a feed,  or  a chick  in  the  egg  ; and  like  thefe  the  young  plants  of 
different  vegetables  have  previously  arrived  at  different  Slates  of  matu- 
re 
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rity.  Thus  Mr.  Ferber  afferts,  that  he  was  delighted  in  obferving 
in  the  buds  of  hepatica,  and  pedicularis  hirfuta,  yet  lying  in  the  earth, 
and  in  the  gems  of  the  fhrub  daphne  mezereon,  and  at  the  bafe  of 
ofmunda  lunaria,  a perfect  plant  of  the  future  year  difcernible  in  all 
its  parts ; thus  alfo  in  horfe-chefnut  the  leaves,  and  in  cornel-tree  the 
flowers,  are  each  diflinCtly  vifible  during  the  winter  in  their  refpec- 
tive  buds.  Amoen.  Acad.  Vol.  VI.  No.  CXX.  Milne’s  DiCt.  Art. 
Gemma. 

While  in  buds  of  many  other  trees,  and  probably  in  all  the  more 
backward  buds,  which  are  formed  late  in  the  fummer  on  the  lower 
parts  of  branches,  and  much  deprived  of  light  and  air,  the  embryon 
is  not  fo  forward  as  to  be  eafily  difcernible;  and  in  thofe  fhrubs  or 
trees,  which  are  deciduous  in  this  climate,  and  yet  have  no  apparent 
buds  in  winter,  as  the  philadelphus,  mock  orange,  viburnum,  and 
many  fhrubs.  I fufpeCt  there  is  neverthelefs  an  embryon  fecretedfrom 
the  blood  at  the  foot-flalk  of  each  leaf,  though  it  is  not  fo  forward 
as  to  protrude  through  the  bark,  and  produce  a prominent  bud,  or 
hybernaculum.  The  fame  I fufpeCt  to  occur  in  refpecl  to  trees, 
which  lofe  their  leaves  in  winter,  in  warmer  climates,  in  which 
they  are  faid  not  to  produce  autumnal  buds  ; as  I can  not  conceive 
by  what  means  frefh  leaf-buds  can  be  generated  in  the  fpring,  when 
the  leaves,  which  conflitute  the  lungs  of  the  mature  living  part  of  the 
tree,  are  dead  ; and  the  whole  of  that  mature  living  part,  or  laid  year’s 
bud,  confequently  dead  along  with  them.  But  if  the  caudex  of  the 
new  bud  be  generated  without  the  plumula,  or  vifible  bud,  it  can  cer- 
tainly produce  a plumula  for  itfelf  in  the  enfuing  Ipring,  as  is  leen 
by  the  production  of  new  buds,  when  a branch  is  cut  off,  round  the 
remaining  trunk,  as  is  done  frequently  to  the  items  of  willows. 

In  fimilar  manner  the  viviparous  offspring  of  different  animals  arrive 
at  different  ffates  of  perfection  before  they  are  born,  as  calves  and 
foals  can  ftand  ereCt  in  an  hour,  and  quickly  learn  to  ufe  their  eyes, 
and  to  run  after  their  mothers  ; while  the  blind  puppy,  and  kitten, 
7 and 


Sect.  IX.  2.  4.  SEEDS,  BUDS,  BULBS.  153 

and  the  downlefs  rabbit,  are  long  before  they  can  leave  the  neft  which 
the  parent  has  provided  for  them. 

4.  The  prefence  of  the  pith  or  medulla  is  of  great  importance  to 
the  growth  of  the  new  bud,  as  may  be  obferved  by  gradually  flicing 
a fhoot  of  a horfe-chefnut  in  autumn,  or  in  the  early  fpring.  The 
rudiments  of  the  feven  feparate  ribs  of  the  late  parent-leaf,  and  the 
central  pith  of  the  bud  in  its  bofom,  are  feen  to  arife  or  terminate 
near  the  pith  of  the  parent  fhoot,  where  the  embryon  plumula  is 
probably  fecreted  by  a gland  at  the  bottom  of  the  parent  leaf-ftalk, 
finds  there  its  firfl:  reception  and  nourifhment,  and  is  gradually  pro- 
truded and  elongated  by  the  pith,  which  exifts  in  its  center,  as  the 
bud  proceeds,  and  thus  conftitutes  the  afcending  caudex  or  uterus  of 
the  new  bud ; which  is  refembled  by  the  wires  of  ftrawberries,  and 
other  creeping  vegetables  ; whereas  the  defcending  caudexes  of  the 
new  buds,  which  form  the  filaments  of  the  bark  of  trees,  are  fecreted 
from  the  various  parts  of  the  old  bark  in  their  vicinity;  all  which 
probably  occur  at  the  fame  time  by  fympathy,  as  fhewn  in  Se&.VIL 

The  pith  thus  appears  to  be  the  firfl  or  moft  efifential  rudiment  of 
the  new  plant,  like  the  brain  or  fpinal  marrow,  medulla  oblongata, 
which  is  the  firfl  vifible  part  of  the  figure,  I believe,  of  every  animal 
fetus,  from  the  tadpole  to  mankind. 

In  thofe  plants  which  have  hollow  flems,this  central  cavity,  though 
not  filled  with  the  pith  or  medulla,  appears  to  be  lined  with  it ; as  in 
picris  and  tragopogon  ; in  the  former  the  ftem  is  not  only  lined  with 
the  pith,  but  wherever  a new  bud  is  generated  on  the  fummit  of  the 
afcending  ftem,  or  in  the  bofom  of  a leaf,  a membranous  diaphragm 
divides  the  cavity,  and  is  covered  with  this  medullary  fubftance, 
which  divifion  thus  diftinguifhes  one  bud  from  another  ; and  in  flicing 
away  the  part  of  the  ftem  of  tragopogon,  where  the  new  lateral  bud 
adheres,  the  medulla  or  pith  in  the  center  of  the  bud  is  feen  to  com- 
mence near  that  membrane  which  lines  the  ftem,  and  to  pafs  through 
the  circle  of  arterial,  venal,  and  abforbent  veflels,  which  conflitute 
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the  afcending  caudex,  or  uterus,  of  the  new  bud,  while  the  defend- 
ing caudex  of  it  is  fecreted  from  the  various  parts  of  the  older  bark 
in  its  vicinity. 

Something  {Imiiar  to  this  mode  of  the  production  of  the  buds  of 
trees  had  not  efcaped  the  ingenious  Mr.  Bradley,  who  aflerts,  “ that 
buds  have  their  firft  rife  in  the  pith  ; they  are  there  framed,  and 
furnifhed  with  every  part  of  vegetation,  and  forced  forwards  to  meet 
the  air  through  the  tender  bark,  and  would  drop  on  the  ground,  if 
they  were  not  redrained  by  veflels,  which  ferve  as  roots  to  nourifh 
them  ; and  thus  as  a feed  takes  root  in  the  earth,  a bud  takes  root  in 
the  tree  ; but  with  this  difference,  that  the  feed  has  lobes  to  fupply 
it  with  nourifhment,  till  it  can  feleCt  juices  from  the  earth  ; but  the 
bud  has  no  occafion  for  lobes,  becaufe  it  takes  root  immediately  in  the 
body  of  the  tree,  where  the  proper  juices  are  already  prepared  for  it.” 
Difcourfes  on  Growth  of  Plants,  1727,  p.  56. 

5.  As  the  feed  was  nourifhed  in  the  pericarp  by  an  adapted  fecre- 
tion  from  the  vegetable  blood  oxygenated  in  the  braCles  or  floral- 
leaves  ; and  as  a refervoir  of  nutriment  was  alfo  prepared  for  it  after- 
wards in  the  feed-lobes  and  fruit  : fo  the  bud  is  at  firfl:  nourifhed  in 
the  bofom  of  its  parent-leaf  by  an  adapted  fecretion  from  the  vege- 
table blood  j and  continues  to  be  fo  nourifhed  in  annual  herbs  and 
evergreen  trees,  till  it  protrudes  and  expands  its  own  leaf;  but  if  it 
be  a bud  of  a deciduous  plant,  which  muft  lofe  its  parent-leaf  in 
winter,  a refervoir  of  nutriment  is  prepared  for  it  in  the  roots  of 
fome  plants,  as  in  carrots,  tnrneps,  liquorice,  fern  ; and  probably 
both  in  the  roots  and  alburnum,  or  fap-wood,  of  trees. 

Thus  in  the  fpring  the  umbilical  veflels  belonging  to  each  indivi- 
dual biennial  plant,  or  bud  of  a tree,  abforb  moifture  from  the  earth, 
and  propel  it  upwards  through  the  roots  and  alburnum,  where  it  is 
mixed  with  a nutritious  material,  and  carried  upwards  in  fome  trees 
v/ith  a power  equal  to  the  preffure  of  the  atmofphere,  as  in  the  vine, 
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vitis ; the  birch,  betula  ; and  the  maple,  acer ; which  at  that  feafon 
bleed  at  every  wound,  as  treated  of  in  SedE  III. 

6.  At  this  time  the  buds  begin  to  (well,  and  to  flioot  roots  down- 
wards from  their  caudexes  into  the  earth ; the  intertexture  of  thefe 
caudexes  conftitutes  a new  bark  over  the  old  one,  confiding  of  arte- 
ries, veins,  and  abforbents,  as  defcribed  in  Sedt.  I.  3.  Each  bud  then 
alfo  puts  forth  a leaf,  which  is  a refpiratory  organ,  and  refembles  in 
many  refpecls  the  lungs  of  animals,  as  defcribed  in  Seed.  IV.  but  dif- 
fers from  them  in  this  circumftance,  that  the  leaf  requires  light  as 
well  as  air  for  the  purpofe  of  perfedl  refpiration,,  as  will  be  treated  of 
in  the  Section  on  Light, 

Each  embryon  of  a leaf-bud  is  thus  furnifhed  with  its  proper  ref- 
piratory organ  ; and  as  many  new  embryons  were  generated  during 
the  fummer  in  each  leaf-bud,  they  now  pullulate  in  fucceffion  ; each 
of  which  has  like  the  fird  its  appropriate  leaf,  which,  as  they  fuc- 
ceffively  advance,  compofe  the  annual  fhoots  or  fprigs  of  trees  ; which 
in  fome  plants  become  of  great  length,  as  in  vines,  and  willows,  con- 
fiding of  twenty  or  thirty  new  leaves.  Hence  if  the  fird  fet  of 
leaves  be  dedroyed  by  vernal  frods,  as  frequently  happens  to  adi- 
trees,  fraxinus,  and  to  the  weeping  willow,  falix  babylonica  ; or  by 
the  depredation  of  infedts,  which  often  injures  our  fruit-trees  ; and 
perpetually  occurs  in  this  climate  to  the  fpindle-tree,  euonymus  ; and 
in  Italy  to  the  white  mulberry-tree,  which  has  its  fird  leaves  plucked 
off  for  the  food  of  filk-worms,  and  to  the  tea-tree  in  China  ; a fecond 
fet  of  leaves  fucceeds,  which  belong  to  the  fecond  embryons  of  the 
fame  bud. 

But  when  the  bradtes  or  floral-leaves  are  dedroyed  by  infedts,  as 
fometimes  happens  to  currant-trees,  and  apple-trees  ; the  fruit  in  the 
pericap  does  not  perifh,  like  the  fird  embryon  of  the  leaf-bud  above 
mentioned  ; becaufe  it  is  dill  fupplied  by  the  abforbent  fydem  of  the 
caudex  and  roots  of  the  flower-bud,  which  compofe  a part  of  the  bark,, 
and  pafs  into  the  ground  ; but  the  fruit  becomes  four,  and  lefs  per- 
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fed  from  the  want  of  a due  oxygenation  of  the  juices,  from  which 
it  is  fecreted  ; though  its  glands  may  probably  alfo  receive  fome 
oxygenated  blood  by  the  inofculation  of  the  veflels  of  different  buds, 
whether  flower-buds  or  leaf-buds,  with  each  other  in  the  bark,  on 
fuppofition  that  they  are  not  all  of  them  totally  deftroyed. 

7.  In  the  axilla  of  each  leaf  is  generally  produced  about  midfum- 
mer  either  a new  leaf-bud  or  a flower-bud  ; if  it  be  a leaf-bud,  it 
becomes  a branch  the  next  year,  producing  many  other  leaves,  and 
many  other  buds  ; if  it  be  a flower-bud,  the  growth  ceafes,  termi- 
nating in  the  feed.  During  the  greater  vigour  of  the  plant  the  leaf- 
buds  are  folely  or  principally  produced,  as  in  young  healthy  trees  ; 
but  when  the  veflels  of  the  bark  become  further  elongated,  as  the 
plant  grows  taller,  the  nutritive  juices  are  lefs  copioufly  fupplied,  or 
the  buds  are  become  more  mature,  and  the  produ&ion  of  flower-buds 
fucceeds  as  in  Mr.Walker’s  experiments  the  fap  of  the  birch-tree  in 
the  fpring  was  two  or  three  weeks  later  in  afcending  to  the  top  of  a 
high  tree,  than  to  the  lower  branches.  Edinb.  Tranfadh  Vol.  I. 

Hence  it  happens,  that  the  grafts  from  flrong  feedling  apple-trees 
do  not  bear  fruit,  till  they  are  twelve  or  twenty  years  old  ; while  the 
grafts  from  old  weak  trees  will  bear  copioufly  in  two  or  three  years, 
and  hence  very  vigorous  trees,  as  pears,  produce  fruit  only  at  their 
extremities  ; but  if  you  decorticate  about  an  inch  of  a branch  of  a vi- 
gorous pear-tree,  and  thus  weaken  it ; that  branch  will  flower,  and 
bear  fruit  at  every  bud  like  trees  of  lefs  vigour. 

It  fhould  be  here  obferved,  that  the  words  flrength  and  weaknefs, 
when  applied  to  the  growth  of  vegetables,  are  in  reality  metaphorical 
terms  ; or  exprefs  the  effedt  or  confequence  of  their  producing  leaf- 
buds  or  flower-buds,  rather  than  the  caufe  of  it,  whereas  it  is  the  fa- 
cility with  which  the  long  caudexes  of  the  new  buds,  which  form 
the  new  filaments  of  bark,  can  be  generated,  which  increafes  the 
number  of  leaf-buds,  and  gives  the  tree  a luxuriant  or  vigorous  ap- 
pearance ; and  the  difficulty  of  generating  thefe  new  caudexes  which 
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increafes  the  flower-buds,  and  thus  gives  a lefs  vigorous  appearance 
to  the  tree. 

The  generation  of  buds  feems  to  require  a lefs  perfect  apparatus 
than  the  generation  of  feeds  ; as  that  of  buds  always  precedes  that  of 
feeds,  both  in  trees  and  herbs  ; and  becaufe  the  caterpillar  is  convert- 
ed into  a butterfly  folely  for  the  purpofe  of  feminal  propagation  ; 
whereas  the  polypus  can  only  propagate  laterally,  or  by  buds.  Hence 
the  age  of  the  plant  is  another  neceflary  circumftance  to  the  produc- 
tion of  flowers,  fruit,  and  feeds,  as  appears  in  tulips,  and  hyacinths, 
as  well  as  in  apple-trees  and  pear-trees. 

8.  About  midfummer  the  new  buds  are  formed  j but  it  is  believed 
by  fome  of  the  Linnean  fchool,  that  thefe  buds  may  in  their  early 
jftate  be  either  converted  into  flower-buds  or  leaf-buds,  according  to 
the  vigour  of  the  vegetating  branch.  Thus  if  the  upper  part  of  a 
branch  be  cut  away,  the  buds  near  the  extremity  of  the  remaining 
Bern,  having  a greater  proportional  fupply  of  nutriment,  and  poffeff- 
ing  a greater  facility  of  producing  their  new  caudexes  along  the  bark, 
will  become  leaf-buds  ; which  might  other  wife  have  been  flower- 
buds  ; and  on  the  contrary,  if  a vigorous  branch  of  a wall-tree, 
which  was  expected  to  bear  only  leaf-buds,  be  bent  down  to  the  ho- 
rizon or  lower,  it  will  bear  flower-buds  with  weaker  leaf-buds,  as  is 
much  exemplified  by  Mr.  Hitt  in  his  Treatife  on  Fruit  Trees. 

The  theory  of  this  curious  vegetable  fadl  has  been  efteemed  diffi- 
cult, but  receives  great  light  from  the  foregoing  account  of  the  indi- 
viduality of  buds.  Both  the  flower-buds  and  leaf-buds  die  in  the  au- 
tumn ; but  the  leaf-buds,  as  they  advance,  produce  during  the  fum- 
mer  other  leaf- buds  or  flower-buds  in  the  axilla  of  every  leaf ; which 
new  buds  require  new  caudexes  extending  down  the  bark,  and  thus 
thicken  as  well  as  elongate  the  branch  ; whereas  the  flower-buds 
flhed  their  feed,  when  they  periffi  in  the  autumn,  and  thus  require 
no  place  on  the  bark  for  new  caudexes.  Hence  when  the  fumrnit  of 
a branch  is  lopped  off,  the  buds  near  the  extremity  of  the  remaining 
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ftera  produce  new  leaf-buds  with  greater  facility,  as  there  is  more 
room  for  their  new  caudexes  to  be  generated  along  the  defcending 
bark.  But  if  a vigorous  branch  be  bent  down  to  the  horizon,  or  be- 
low it,  the  bark  is  comprefTed  beneath  the  curve,  and  extended  above 
it,  and  thus  the  production  of  new  caudexes  along  the  bark  is  im- 
peded, and  in  confequence  lefs  leaf-buds  and  more  flower-buds  will 
be  generated,  or  the  former  converted  into  the  latter;  which  require 
no  new  caudexes.  And  on  this  circumftance  principally  depends  the 
management  of  wall-fruit  trees,  and  of  efpalliers. 

For  the  purpofe  of  thus  converting  leaf-buds  into  flower-buds  Mr. 
Whitmill  advifed  to  bind  fomeof  the  moft  vigorous  (hoots  with  Arons: 
wire,  and  even  fome  of  the  large  roots  ; and  Mr. Warner  cuts,  what 
he  calls,  a wild-worm  about  the  body  of  the  tree;  or  fcores  the  bark 
quite  to  the  wood  like  a fcrew  with  a (harp  knife.  Bradley  on  Gar- 
dening, Vol.  II.  p.  155.  Mr.  Fitzgerald  produced  flowers  and  fruit 
on  ftandards  and  wall-trees  by  cutting  off  a cylinder  of  the  bark,  three 
or  four  inches  long,  and  replacing  it  with  proper  bandage,  (Philof. 
Tranf.  Ann.  1761)  as  aefcribed  in  SeCt.  XV.  1.  3.  of  this  work. 
M.  BufFon  produced  the  fame  effeCl  by  a ftraight  bandage  put  round 
a branch,  Adi  Paris,  Ann.  17 38;  and  concludes  that  an  ingrafted 
branch  bears  better  from  its  veflels  being  comprefled  by  the  callus  pro- 
duced, where  the  grafted  fcion  joins  the  flock. 

It  is  cuflomary  to-  debark  oak-trees  in  the  fpring,  which  are  in- 
tended to  be  felled  in  the  enfulng  autumn  ; becaufe  the  bark  comes” 
off  eafler  at  this  feafon,  and  the  fap-wood,  or  alburnum,  is  believed' 
to  become  more  durable,  if  the  trees  remain  till  the  end  of  Cummer 
from  their  expending  their  faccharine  fap-juice  in  the  enfuing  fo- 
liage, and  thus  being  lefs  liable  to  ferment  and  putrify.  The  trees 
thus  ftripped  of  their  bark  put  forth  (hoots  as  ufuai  with  acorns  on, 
the  flxth,  feventh,  and  eighth  joint,  like  vines  ; but  in  the  branches 
I examined  the  joints  of  the  debarked  trees  were  much  (hotter  than- 
thofe  of  other  oak-trees ; the  acorns  were  more  numerous ; and  no 
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new  buds  were  produced  above  the  joints  which  bore  acorns.  From 
hence  it  appears  that  the  branches  of  debarked  oak-trees  produce 
fewer  leaf-buds,  and  more  flower-buds ; which  muff  be  owing  to 
the  impoffibility  of  their  producing  new  caudexes  down  the  naked 
branches  and  ftem  for  the  embryon  progeny  of  leaf-buds. 

The  pullulation  of  leaves  on  debarked  oaks  aemonflrates,  that  the 
refervoirs  of  nutriment  depofited  in  the  preceding  fummer  for  the  ufe 
of  the  vernal  buds  muft  be  in  this  alburnum  ; and  that  it  is  this  fac- 
charine  matter  which  induces  the  alburnum  to  ferment  and  rot  fooner 
than  the  internal  wood.  Thus  Dr. Walker  found  on  nice  infpedion 
the  fap-juice  to  flow  from  the  ligneous  circles  of  the  alburnum  as 
well  as  between  them,  when  a frefh  piece  was  cut  off  from  a cica- 
trized part,  and  alfo  between  the  wood  and  the  bark.  Edinb. 
Tranfadl.Vol.  I.  He  alfo  obferved  that  oak,  afh,  elm,  afpen,  hazel, 
and  hawthorn,  do  not  bleed  ; and  that  the  birch,  plane,  and  maple 
bleed  the  moff,  and  that  the  grey  willow,  falix  caprea,  does  not 
bleed,  but  the  fap-juice  rifes  viflbly  between  the  wood  and  the  bark, 
fo  as  to  make  the  bark  feparate  eafily  from  the  wood.  From  all 
thefe  fafls  it  may  be  inferred,  that  the  faccharine  matter,  which  is 
diffolved  in  the  fap-juice,  is  depofited  in  the  autumn  in  the  roots  of 
fome  trees,  and  in  the  alburnum  of  others,  or  in  both  ; as  manna  is 
found  in  the  wood  of  the  manna-afh  ; and  fugar  in  the  joints  of  many 
grades  and  of  the  fugar-cane,  and  in  the  roots  of  liquorice,  beets,  and 
many  other  herbaceous  vegetables. 

9.  About  Midfummer,  after  the  new  buds  appear  in  the  bofom  of 
every  leaf,  many  authors  have  remarked  that  there  feems  to  be  a kind 
of  paufe  in  vegetation  for  about  a fortnight,  which  they  have  afcrib- 
ed  to  different  caufes.  At  this  time  I fufpe<£t  the  refervoir  of  nou- 
rifhment  for  the  new  buds  is  forming  about  the  roots  or  in  the  albur- 
num of  the  tree  ; and  that  the  caudexes  and  umbilical  veflels  of  the 
new  buds  are  alfo  at  this  time  forming  down  the  bark,  and  terminate 
in  thofe  nutritious  refervoirs  in  the  roots  or  new  alburnum  like  the 
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umbilical  veffels  called  feminal  roots,  which  are  vifible  in  many 
feeds. 

That  this  fyftem  of  umbilical  veffels  is  poffeffed  of  a great  power 
of  abforption  in  the  roots  of  trees  is  certain  from  the  force,  with  which 
the  fap- juice  was  propelled  upward  from  a vine-flump  in  Dr.  Hales* 
experiment.  That  the  fap-juice  thus  propelled  upwards  nourifhes  or 
expands  the  leaf  of  each  new  bud  appears  from  the  experiments  of 
Dr.Walker  j as  the  leaves  began  to  unfold  at  the  fame  height,  as  the 
Wounded  wood  began  to  bleed,  and  that  thefe  veffels  pafs  through  or 
conflitute  the  fap-wood  is  evinced  by  the  growth  of  the  buds  on  oak- 
trees,  after  the  bark  is  almoff  totally  taken  off. 

The  roots  of  trees  are  at  this  time  protruded  with  greater  vigour,  as 
obferved  by  the  ingenious  Mr.  Bradley,  who  on  that  account  prefers 
the  midfummer  feafon  for  tranfplanting  trees,  if  they  are  not  to  be 
removed  to  any  great  diftance  ; and  adds,  that  the  new  fhoots  in  the 
following  fpring  will  put  forth  with  much  greater  force,  and  the  tree 
will  thence  be  almofl  a year  forwarder  in  its  growth,  than  if  it  re- 
mains untranfplanted  till  the  winter.  Difcourfes  on  Earth  and  Wa- 
ter. This  feems  to  be  owing  to  the  deflrudtion  of  much  of  the  nu- 
tritious matter  depofited  in  the  roots  for  the  ufe  of  the  new  buds, 
which  is  torn  off  in  tranfplanting,  and  which  can  only  be  replaced 
about  Midfummer  or  foon  after. 

Mr.  Bradley  further  adds,  that  when  trees  are  thus  tranfplanted 
at  Midfummer,  no  part  of  the  top  or  branches,  or  foliage,  fhould  at 
that  time  be  cut  off;  which  well  accords  with  the  theory  above  de- 
livered ; as  it  is  from  the  vegetable  blood,  which  is  oxygenated  by 
its  expofure  to  the  air  through  the  thin  moiff  pellicle  on  the  upper 
fmooth  furfaces  of  thefe  leaves,  that  the  nutriment  for  the  expan- 
fion  of  the  buds  in  the  fucceeding  fpring  is  fecreted  or  produced;  and 
hence  if  thefe  leaves  are  prematurely  deflroyed,  the  vernal  growth 
of  the  buds  mufl  receive  injury  ; as  the  refervoir  of  future  nutriment 
for  them  will  be  lefs  in  quantity;  btft  if  fome  of  the  branches  are 
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lopped  during  the  winter,  the  remainder  will  protrude  more  vigorous 
fhoots,  as  their  (hare  of  the  referved  nutriment  will  be  greater. 

10.  The  umbilical  veffels  of  the  new  buds  of  deciduous  trees, 
which  are  analogous  to  thofe  which  permeate  the  lobes  of  the  feed, 
are  extended  downward  in  the  bark  about  midfummer,  and  terminate 
in  certain  refervoirs  of  nutriment,  which  are  at  this  time  fecreted  from 
the  vegetable  blood  oxygenated  in  the  leaves.  This  bark  now  con- 
fids  of  an  intertexture  of  the  caudexes  of  the  prefent  leaves,  which 
were  buds  in  the  laft  fummer,  and  are  now  adult  vegetable  beino-s  * 
and  of  the  embryon  caudexes  of  the  new  buds  ; and  of  the  umbilical 
veffels  of  the  new  buds ; it  will  become  alburnum  or  fap-wood  dur- 
ing the  autumn  or  enfuing  fpring,  and  will  be  gradually  covered  over 
with  a new  bark  confiding  of  the  mature  caudexes  of  the  new  buds, 
while  that,  which  was  the  alburnum  in  the  preceding  fpring,  will 
become  a circle  of  lifelefs  timber,  interior  to  the  circle  of  alburnum. 

The  veffels  of  this  new  bark,  though  they  con-fid  of  the  caudexes 
of  the  individual  adult  leaves,  and  the  umbilical  veffels  of  the  indi- 
vidual young  buds,  evidently  inofculate  ; beca.ufe,  when  fome  buds 
are  rubbed  off  or  deftroyed-,  thofe  in  their -vicinity  grow  with  greater 
vigour  ; as  the  daily  experience  of  pruning  all  kinds  of  trees  evinces. 
The  facility  with  which  the  ruptured  veffels  of  vegetables  inofculate 
into  each  other,  or  grow  together,  correfponds  with  that  of  animal 
veffels  in  their  inflamed  date.  Thus  a bud  taken  from  one  tree,  and 
infested  into  any  part  of  the  bark  of  another  tree  of  the  fame  genus, 
•qr  ingrafted  on  it,  prefently  receives  nutriment,  and  grows  to  it  by 
the  reciprocal  inofculation  of  the  wounded  veffels,  in  the  fame  man- 
ner as  a tranfplanted  tooth  ; or  as  the  fingers  are  liable  to  grow  to- 
gether after  having  been  excoriated  by  a bumr;  or  as  the  inflamed 
lungs  and  pleura  are  liable  to  adhere,  and  intermix  their  blood-veffels. 
See  Se<£t.  III.  2.  7. 

During  the  winter,  when  the  leaves  die  and  fall  off,  the  arterial  and 
venous  fyderhs,  which  belonged  to  them,  and  which  compofed  the 

Y greated 


i6z 


SEEDS,  BUDS,  BULBS. 


Sect.  IX.  2.  row 


greateft  part  of  the  bark,  feem  to  lofe  their  vegetable  life  at  the  fame 
time,  and  to  coalefce,  and  form  the  alburnum,  or  fap-wood  but  the 
umbilical  veffels  belonging  to  the  new  buds,  which  are  intermixed 
with  this  alburnum,  remain  alive;,  and  at  the  returning  fpring  adt 
with  aftonifiiing  vigour;  as  defcribed  in  Sedt.  III.  2.  2. 

As  the  fpring  advances,  the  umbilical  veffels,  after  having  drank  up 
the  refervoirs  of  nutriment,  which  were  depofited  about  the  roots, 
and  having  thus  nourifhed  and  expanded  the  new  leaves,  ceafe  to  adt ; 
and  the  alburnum  gradually  changes  into  hard  wood,  called  the  heart 
of  the  tree ; which  no  longer  poffeffes  vegetative  life;  and  is  now 
only  ufeful  to  elevate  and  fuffain  aloft  the  fwarm  of  biennial  plants, 
which  cover  it ; and  was  probably  originally  produced  for  this  pur- 
pofe  in  the  conteft  of  all  vegetables  for  light  and  air. 

This  inert  or  lifelefs  ftate  of  the  central  parts  of  trees,  called  the 
heart-wood,  is  evident  from  thofe  old  oaks  and  willows,  which  have 
loft  their  internal  hard  wood,  and  are  become  quite  hollow,  conflft- 
ing  only  of  their  bark  and  alburnum,  and  yet  are  furnifhed  with 
many  healthy  branches.  But  the  umbilical  veffels  of  the  alburnum 
poffefs  the  properties  of  capillary  tubes,  or  of  a fponge,  after  they 
are  extindt,  and  ceafe  to  adt  as  umbilical  veflels ; and  thus  may  oc- 
cafionally  at  trad!  moifture,  or  fuffer  it  to  pafs  through  them  mecha- 
nically ; whilft  the  new  bark,  which  confifts  of  an  intertexture  of  the 
caudexes  of  each  bud  with  their  radicles,  may  occafionally  ablorb  this 
moifture  from  the  capillary  veffels  of  the  alburnum,  which  may  be 
compared  to  the  upper  ftratum  of  the  foil  attradling  by  capillary 
power  the  moifture  from  the  foil  immediately  beneath  it,  which 
may  exhale  into  the  atmofphere,  or  be  imbibed  by  the  roots  of  ve- 
getables by  the  fuperior  living  power  of  their  ablorbent  mouths. 

That  the  veflels  of  the  alburnum  in  their  li-ving  ftate  poffefs  the 
property  of  conveying  the  fap-juice,  which  is  propelled  upwards  in 
the  early  fpring  by  the  abforbent  terminations  of  the  roots,  is  vifible 
in  decorticated  oaks ; the  branches  of  which  expand  their  buds,  like 
1 thofe 
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thofe  of  the  birch  and  vine  in  the  bleeding  feafon.  That  the  velTels 
of  the  alburnum  in  their  living  ftate  occafionally  a£t  as  capillary  fy- 
phons,  through  which  the  fap-juice  is  firft  pufhed  upwards  by  the 
abforbent  extremities  of  the  roots,  and  afterwards  returns  downwards 
partly  by  its  gravitation  in  branches  bent  below  the  horizon,  appears 
from  an  experiment  of  Dr. Walker,  mentioned  in  Se£L  III.  2.  4. 

Laftly,  that  the  veffels  of  the  alburnum  after  their  vegetable  life 
is  extindf,  pofTefs  a powrer  of  capillary  attraction  of  the  fap-juice,  or 
of  permitting  it  to  pafs  through  them  occafionally,  appears  from  the 
following  experiments.  Firft,  a branch  of  a young  apple-tree  was 
fo  cankered,  that  the  bark  for  about  an  inch  quite  round  it  was  to- 
tally deftroyed.  To  prevent  the  alburnum  from  becoming  too  dry 
by  exhalation,  this  decayed  part  was  covered  with  thick  white  paint ; 
in  a few  days  the  painting  w'as  repeated,  and  this  three  or  four  times, 
fo  as  to  produce  a thick  coat  of  paint  over  the  decayed  part,  or  naked 
alburnum,  extending  to  the  afcending  and  defcending  lips  of  the 
wound  ; this  was  in  fpring,  and  the  branch  bloffomed  and  ripened 
feveral  apples. 

In  a garden  in  Lichfield  about  four  years  ago  a complete  cylinder 
of  bark  about  an  inch  long  was  cut  from  a branch  of  a pear-tree 
nailed  again  ft  a wall ; the  circumcifed  part  is  now  not  more  than  half 
the  diameter  of  the  fame  branch  above  and  below  it  ; yet  this  branch 
has  been  full  of  fruit  every  year  fince,  when  the  other  branches  of  the 
tree  have  borne  only  fparingly.  I lately  obferved,  that  the  leaves  of  this 
wounded  branch  were  fmaller  and  paler,  and  the  fruit  lefs  in  fize, 
and  ripened  a fortnight  fooner,  than  on-  the  other  parts  of  the  tree. 
Another  branch  of  the  fame  tree  has  a part  of  the  bark  taken  off 
about  an  inch  long,  but  not  quite  ail  round  it,  with  much  the  fame 
effedt. 

The  exiftence  of  capillary  tubes  in  dead  fap-wood  is  vifible  in  a 
piece  of  dry  cane,  which  permit  water  or  fmoke  to  pafs  through 
them  ; and  in  the  exhaufted  receiver  of  an  air-pump  both  water  and 
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quickfilver  may  be  made  readily  to  pafs  through  pieces  of  the  dry  al- 
burnum of  wood  by  the  preffure  of  the  atmofphere. 

1 1.  The  flower-buds  of  many  trees  arife  immediately  from  the  laft 
year’s  terminal  (hoots,  or  fpurs,  either  accompanied  with  leaf-buds* 
or  feparately,  as  in  apple  and  pear-trees.  Other  flower-buds  arife  from 
the  (hoots  of  the  prefent  year  alternately  with  leaf-buds,  as  thofe  of 
vines,  and  form  the  third  or  fourth  buds  of  the  new  (hoots.  They 
differ  from  leaf-buds  in  this  circumffance,  that  they  peri(h  when  their 
leeds  are  ripe,  without  producing  any  addition  or  increafe  to  the  tree;, 
whereas  when  the  leaf-buds  perifh  in  the  autumn,  their  caudexes,  the 
intertexture  of  which  conflitutes  the  bark  of  the  tree,  gradually  be- 
come converted  into  alburnum,  or  fap-wood  ; over  which  the  new 
leaf-buds  (hoot  forth  their  caudexes  and  radicles,  or  infer  t them  into 
it,  and  gradually  fabricate  the  new  bark  and  root-fibres. 

It  was  before  mentioned,  that  it  is  believed  by  fome  difciplesof  the 
Linnean  fchool,  that  about  Midfummer  leaf-buds  may  be  changed 
into  flower-buds,  or  flower-buds  into  leaf-buds ; and  that  even  after 
the  vegetable  embryons  are  generated.  And  that  this  may  be  effect- 
ed by  weakening  or  (Lengthening  the  growth  of  the  laft  year’s  buds* 
which  fecrete  thefe  new  ones  from  the  vegetable  blood,  and  nourifh 
them  in  their  infant  (fate.  Thus  if  fome  inches  of  the  extremity  of 
a branch  be  lopped  ofr  at  Midfummer,  as  is  fometimes  done  by  unlkii- 
ful  gardeners,  the  remaining  few  buds  will  become  more  vigorous, 
and  confequently  produce  leaf-buds  inftead  of  flower-buds ; or  per- 
haps the  embryons  already  formed  may  be  converted  from  one  kind 
to  the  other.  The  contrary  may  occur,  if  a vigorous  branch  of  a 
wall-tree  be  bent  down  beneath  the  horizon,  or  fo  much  as  to  im- 
pede the  generation  of  new  caudexes ; or  if  the  leaf  of  the  parent-bud 
be  taken  off,  foon  after  the  plumula  or  apex  of  the  new  bud  is  ge- 
nerated ; and  thus  the  new  caudex  along  the  bark  may  be  prevent- 
ed by  deficiency  of  nutriment. 

The  probability  of  this  idea  of  tranfimuting  flower- buds  and  leaf- 
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buds  into  each  other  is  confirmed  by  the  curious  converfion  of  the 
parts  of  the  flowers  of  fome  vegetable  monfters  into  green  leaves  ; if 
they  be  too  well  nourifhed,  after  they  are  fo  far  advanced  as  to  be 
unchangeable  into  leaf-buds.  Thus  in  ftie  plantago  rofea,  rofe-plan- 
tain,  the  divifions  of  the  fpike  become  wonderfully  enlarged,  and  are 
converted  into  leaves ; the  chaffy  feales  of  the  calyx  in  xeranthe- 
mum,  everlafting,  and  in  a fpecies  of  diant  hus,  pink,  and  the  glume 
of  fome  alpine  graffes,  and  the  feales  in  the  ament  of  the  falix  rofea, 
rofe-willow,  grow  into  leaves,  and  produce  other  kinds  of  vegetable 
monfters. 

Add  to  this,  that  the  petals  of  the  helleborus  niger,  or  chriftmas- 
rofe,  are  beautifully  white  till  the  feed  is  impregnated  ; and  then 
they  change  into  green  leaves,  forming  a calyx.  And  laftly,  in  other 
flowers  a bud  or  bulb  fucceeds  the  impregnation  inftead  of  a feed,  as 
in  polygonum  viviparum,  viviparous  biftort ; and  in  allium  magi- 
cum,  magical  onion  ; the  fame  occurs  in  many  of  the  alpine  graffes, 
and  in  the  feftuca  dumetorum,  fefeue  grafs ; all  which  are  in  fome 
degree  analogous  to  the  fuppofed  converfion  of  early  flower-buds  into 
leaf-buds ; for  in  thefe  magical  onions,  and  other  bulbiferous  flowers, 
the  bradtes  or  floral-leaves,  which  at  firft  fecrete  nourifhment  for  the 
pericarp  and  feeds  of  the  plant,  affume  a new  office,  and  fecrete  a 
magazine  of  nourifhment  for  the  new  bulb,  as  appears  in  the  concen- 
tric flefhy  membranes,  which  furround  the  new  fummit-bulbs  of  the 
allium  magicum,  and  the  cloves  of  garlic. 

12.  The  central  part  of  an  adult  bud  therefore  con  fids  firffi 
of  a conjundtion  of  the  blood-veffels  from  above  and  below,  which 
exifts  in  the  caudex  of  the  bud  between  the  beginning  of  the  leaf- 
veffels  and  the  beginning  of  the  root-veffels  ; the  circulation  re  fern - 
bling  that  of  many  infects,  of  fifh,  and  in  the  livers  of  quadrupeds, 
as  (hewn  in  Sedt.V.  2.  Secondly,  there  is  probably  at  the  fame  place 
a conjunction  of  the  abforbent  veffels  correfpondent  to  the  recepta- 
culum  chyli  of  animals.  Thirdly,  there  exiffs  in  each  bud  an  organ 
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of  reproduction,  which  in  a leaf-bud  produces  the  lateral  or  paternal 
offspring,  and  in  a flower-bud  the  feminal  or  amatorial  one.  Fourth- 
ly, a center  of  nervous  influence,  as  a brain,  or  fpinal  marrow,  or 
common  fenforium,  exifts  in  each  bud  ; and  probably  refides  near  this 
junction  of  the  blood-veffels  of  the  leaf  and  root,  and  of  the  abforbent 
fyftem,  along  with  the  organ  of  reproduction  in  the  caudex  gemmae. 

III.  1.  The  bulbous  roots  of  fome  perennial  herbaceous  plants, 
and  the  root-feions  of  other  perennial  herbaceous  plants,  are  fimilar 
in  this  refpeCt,  which  diftinguifhes  them  from  buds  ; that  they  are 
generated  on  the  broad  caudex  of  the  plant  within  the  ground,  or  in 
contact  with  it,  and  immediately  fhoot  down  their  new  roots  into 
the  earth.  Whereas  buds  are  formed  above  the  foil  on  the  Ions; 
caudexes,  which  conftitute  the  filaments  of  the  bark  of  trees,  and 
fhoot  down  new  roots  into  the  earth  from  the  lower  end  of  thefe 
elongated  caudexes. 

Bulbs  have  not  improperly  been  called  fubterraneous  buds  ; and  like 
them  they  may  be  divided  into  leaf-bulbs  and  flower-bulbs.  When 
a tulip-feed  is  fown,  it  produces  a fmall  plant  the  firft  fummer, 
which  in  the  autumn  dies,  and  leaves  in  its  place  one  or  more  bulbs. 
Thefe  are  leaf-bulbs,  which  in  the  enfuing  fpring  rife  into  Wronger 
plants  than  thofe  of  the  firfl  year,  but  no  flowers  are  yet  generated  ; 
in  the  autumn  thefe  perifh  like  the  former,  and  leave  in  their  places 
other  leaf-bulbs  flronger,  or  more  perfeCt,  than  their  preceding  pa- 
rents. This  fucceflion  of  leaf-bulbs  continues  for  four  or  five  years, 
till  at  length  the  bulb  acquires  a greater  perfection  or  maturity,  necef- 
fary  for  feminal  generation,  and  produces  in  its  place  a large  flower- 
bulb  in  the  centre  with  feveral  fmall  leaf-bulbs  around  it. 

Th  is  fucceffive  formation  of  leaf-bulbs  in  bulbous  rooted  plants 
previous  to  the  formation  of  a flower-bulb  is  curioufly  analogous  to 
the  production  of  leaf-buds  on  many  trees  for  feveral  years  before  the 
production  of  flower-buds  ; thus  the  apple-trees,  pyrus  malus,  which 
are  raifed  from  feeds,  generate  only  leaf-buds  for  ten  or  twelve  years, 
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and  afterwards  annually  generate  both  flower-buds  and  leaf-buds. 
From  whence  it  would  feem,  that  the  adherent  lateral  or  paternal 
progeny  is  the  moil:  Ample,  and  eafleft,  and  confequently  the  firft 
mode  of  reproduction ; and  that  the  amatorial  or  feminal  progeny  is 
on  this  account  not  generated  till  the  maturer  age  or  more  perfect 
flate  of  the  parent-bud. 

A ftill  more  curious  analogy  to  this  circumftance  of  a fucceflion  of 
leaf- buds  and  leaf-bulbs  preceding  the  formation  of  flower-buds  and 
flower-bulbs  exifts  in  the  growth  of  wheat,  triticum,  and  other 
grades;  but  with  this  difference,  that  a fucceflion  of  leaf-buds,  as  of 
two,  or  three,  or  four,  are  produced  in  the  fame  year  previous  to 
the  flower-bud.  At  the  Arid  joint  of  the  flem  of  wheat,  on  or  within 
the  furface  of  the  earth,  a leaf  is  produced  ; from  which  rifes  the 
principal  or  central  bud,  and  around  it  many  new  buds,  which  flrike 
their  roots  into  the  foil.  After  this  central  bud,  and  thofe  around  it, 
have  arifen  fix  or  eight  inches,  a new  leaf  and  a new  leaf-bud  rifes 
on  each  of  them,  producing  a fecond  joint  of  the  Idem  ; and  laftly,  a 
flower-bud  is  generated  at  the  fummit,  which  are  all  evidently  dif- 
tindt  vegetable  beings,  as  there  is  a divifion  acrofs  the  flem  at  each 
joint,  which  fhews  there  is  no  connexion  of  the  pith,  or  brain,  or 
fpinal  marrow,  between  the  lower  and  upper  joints,  as  mentioned  in 
Sedt.  I.  8. 

That  a new  bud  thus  conftitutes  each  joint  of  the  flem  of  wheat, 
and  other  grades,  is  further  evinced  ; firft,  by  the  exiftence  of  a leaf 
at  each  joint  without  a lateral  bud  iu  its  axilla,  as  occurs  in  other  ve- 
getables. Secondly,  -becaufe  for  the  nourilhment  of  this  new  leaf- 
bud  a refervoir  of  fweet-juice  is  prepared  in  the  new  joint ; as  in  the 
bulbs  of  many  plants.  And  thirdly,  becaufe  the  lower  leaf  dies,  and 
the  fweet  juice  is  abforbed,  as  the  upper  leaf  becomes  vegete.  Hence 
we  acquire  the  knowledge  of  the  ufe  of  this  refervoir  of  fugar  in 
the  vegetable  economy,  which  fupplies  fo  much  agreeable  and  falu- 
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tary  nouriffiment  to  mankind  from  the  cultivation  of  the  fugar-cane. 
See  No.  1.  6.  and  No.  3.  7.  of  this  Section. 

The  analogy  between  the  buds  of  plants  and  the  adherent  lateral 
progeny  of  lome  infects,  as  of  the  polypus,  and  tenia,  or  tape-worm, 
and  volvox,  was  mentioned  in  SeCt.VII.  1.  4.  But  the  circumlfance 
of  the  fucceffive  production  of  leaf-buds  and  leaf-bulbs  previous  to  the 
production  of  flower-buds  or  flower-bulbs  is  wonderfully  analogous 
to  the  generation  of  the  aphis,  which  riling  from  an  egg  in  the  fpring 
after  calling  its  Ikin  once  or  twice  produces  a living  progeny  without 
amatorial  copulation  ; and  this  offspring  produces  others  by  this  foli- 
tary propagation  till  the  tenth  generation  ; then  a fexual  progeny  of 
males  and  females  is  produced,  and  eggs  are  laid  in  the  autumn  from 
their  amatorial  intercourfe.  Encycloped.  Britan.  Amoenitat.  Academ. 
Vol.  VII.  byA.T.  Bladh.  See  Sed.  XIV.  3.  2.  Thus  this  infect 
from  the  egg  requires  to  be  reproduced  many  times  by  folitary  pro- 
pagation before  it  becomes  fufficiently  perfeCl  to  generate  a fexual 
offspring  like  the  buds  and  bulbs  from  feeds  above  mentioned.  And 
it  is  probable,  that  the  polypus  of  our  ftagnant  waters,  which  pro- 
duces a lateral  offspring  in  the  fummer,  I fuppofe  by  folitary  propa- 
gation, may  produce  males  and  females,  and  generate  eggs  in  confe- 
rence in  the  autumn  for  their  reproduction  in  the  enfuing  fpring. 

To  this  may  be  added  the  great  change,  which  many  infeCts  and 
even  larger  animals  undergo  either  in  flrength  or  form,  before  they 
acquire  the  power  of  feminal  reproduction.  As  the  filk-worm 
changes  into  a butterfly  apparently  for  the  purpofe  of  generation  only, 
as  it  then  performs  this  office  and  dies.  Other  caterpillars  change  their 
form  likewifeinto  butterflies,  and  at  the  fame  time  change  their  kind 
of  food,  which  was  the  green  foliage  of  vegetables  before  this  tranf- 
formation ; but  now  confifls  fblely  of  honey.  And  laftly,  the  gnat 
and  mufqueto  change  at  the  fame  time  both  their  forms,  their  food, 
and  their  element ; and  thus  acquire  higher  animation  apparently  for 
the  purpofe  of  fexual  reproduction. 
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2.  The  manner  of  the  produdlion  of  herbaceous  plants  from  their 
various  perennial  roots  wants  further  invefligation,  as  their  analogy 
is  not  yet  clearly  afcertamed.  I this  autumn  differed  two  large  roots 
of  the  onion  or  leek  kind,  which  were  in  full  flower;  the  ftem  of 
each  of  them  was  embraced  by  the  cylindrical  pedicles  of  fix  or  feven 
concentric  leaves ; but  the  Hem  itfelf  arofe  from  the  center  between 
three  large  new  bulbs  in  one  of  them,  and  between  two  in  the  other. 
All  of  which  grew  from  the  fame  caudex,  but  the  central  flower- 
Aem  was  wrapped  at  its  bottom  in  one  membrane  only,  which  fe- 
parated  it  from  the  new  bulbs  in  its  vicinity. 

A large  root  of  a young  onion,  which  grew  from  feed  Town  in  the 
fpring,  was  at  the  fame  time  difle&ed  by  ftripping  off  the  leaves,  and 
their  flefhy  bafes,  one  after  another,  till  two  buds  were  vifible  in  the 
center  of  the  flefhy  bafes  of  the  concentric  leaves,  which  formed  the 
bulb.  Thefe  two  bulbs  were  evidently  formed  and  nourifhed  on  the 
caudex  by  the  fern,  and  its  fix  or  feven  concentric  cylindrical  leaves; 
and  will,  I fuppofe,  feparate  in  the  fpring,  as  they  rife  up,  and  pro- 
duce each  of  them  a flower  with  two  or  three  new  bulbs  at  the  bafe 
of  it,  as  defcribed  in  the  above  paragraph. 

Or  from  the  different  fize  and  apparent  greater  maturity  of  the 
central  bulb,  and  the  fecondary  bulb  being  between  the  innermofl 
and  the  fecond  circular  flefhy  membrane,  I fuppofe  in  thefe  roots  of 
onion,  like  the  tulip-roots  before  fpoken  of,  that  the  central  bulb 
alone  may  produce  a flower  in  the  next  fummer;  and  that  the  la- 
teral bulb  or  bulbs  will  produce  only  flronger  and  more  mature  leaf- 
bulbs,  which  will  in  the  fucceeding  fummer  bear  a flower  or  fexual 
progeny. 

The  caudex,  or  central  part  of  the  bulb,  from  which  the  root- 
fibres  defcend,  and  the  leaves  afcend,  lies  above  the  knot  in  the  orchis 
morio  ; and  the  parent-root  fhrivels  up  and  dies,  as  the  young  one  in- 
creales.  The  flower  of  this  plant  does  not  ripen  its  feeds  in  this 
climate ; it  might  be  otherwife  worth  cultivation  for  the  ufe  of  the 
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new  roots  ; which  when  fcaldeci  and  peeled,  are  faid  to  be  the  falep 
of  the  fhops.  It  is  alferted  by  one  of  the  Linnean  fchool  in  the 
Amoen.  Academ.  that  if  the  new  root  be  pinched  off,  the  feeds  on  the 
old  one  will  ripen,  and  become  prolific. 

In  the  tulip  the  caudex  lies  below  the  bulb,  from  whence  proceed 
the  fibrous  roots  and  the  new  bulbs  ; the  root  after  it  has  flowered 
dies  like  the  orchis  root  ; for  the  flem  of  the  laft  year’s  tulip  lies  011 
the  outfide,  and  not  in  the  center  of  the  new  bulb.  In  the  tulip- 
root,  ditfeded  in  the  early  fpring,  juft  before  it  begins  to  {hoot,  a per- 
fect flower  is  feen  in  its  center  ; and  between  the  firftand  fecond  coat 
the  large  next  year’s  bulb  is,  I believe,  produced  ; between  the  fe- 
cond and  third  coat,  and  between  this  and  the  fourth  coat,  and  per- 
haps further,  other  lefs  and  lefs  bulbs  are  vifible,  all  adjoining  to  the 
caudex  at  the  bottom  of  the  mother  bulb;  and  which  I am  told,  re- 
quire as  many  years,  before  they  will  flower,  as  the  number  of  the 
coats  with  which  they  are  covered;  and  that  the  fame  different  ftates 
of  maturity  probably  obtain  in  the  buds  round  the  fhoots  of  many 
fruit-trees,  the  central  one  of  which  will  produce  flowers  the  next 
year  as  on  the  fpurs  of  apple-trees  ; while  thofe  beneath  it  require 
more  or  fewer  years,  before  they  become  fufficiently  mature  to  pro- 
duce organs  of  fexual  generation  an  important  fecret  in  the  manage- 
ment of  fruit-trees. 

The  hyacinth-root  differs  from  the  tulip-rcot  ; for,  as  I am  inform- 
ed, the  ftem  of  the  laft  year’s  flower  is  always  found  in  the  center 
of  the  root,  as  in  the  onions  above  delcribed  ; and  that  the  new  off- 
fets  arife  from  the  caudex  below  this  bulb,  and  not  between  any  of 
the  concentric  coats  of  it,  except  the  two  external  ones.  On  this  ac- 
count the  central  part  is  'liable  by  its  decay  to  deflroy  the  flower-bud, 
if  not  taken  out  of  the  earth,  when  the  leaves  die  ; and  hence  fome 
florifls  believe,  that  thefe  roots  peri fh  naturally  in  fiveorfeven  years, 
after  they  have  flowered,  but  that  the  tulip-root  never  dies  from 
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In  a few  roots  of  hyacinths,  which  I this  day  examined,  Septem- 
ber 1,  the  flem  of  one,  which  had  apparently  flowered  in  the  fum- 
mer,  was  perfedtly  decayed  in  the  center  of  many  new  bulbs.  In 
another  bulb  of  lefs  fize  and  compact,  which  I luppofed  had  not  bom 
a flower,  I found  a central  flower-bud  inclofed  in  many  concentric 
flefliy  bafes  of  former  leaves,  like  an  onion  in  the  autumn,  which  had 
been  fown  in  the  preceding  fpring.  And  concluded  from  hence,  that 
the  hyacinth-root  dies  annually  or  biennially  like  the  onion,  leaving 
behind  it  a fucceflion  of  leaf-bulbs  or  of  flower-bulbs. 

The  caudex  and  claw-like  roots  of  the  ranunculus  cultivated  by 
florifts  dies  I believe  annually,  after  having  put  forth  a circle  of  new 
claws  from  the  upper  part  of  it  round  the  bottom  of  the  periflung 
flower-ftem.  Hence  the  claws  of  the  old  root,  which  became  fhrivel- 
led,  as  the  flower  advanced,  in  the  autumn  difappear  ; and  the  de- 
cayed part  of  the  old  caudex  is  feen  beneath  the  new  claw-like  roots, 
which  I luppofe  has  given  occafion  to  fome  inaccurate  obfervers  to 
believe,  that  the  old  flem  in  this  and  fome  other  perennial  herbaceous 
plants  was  drawn  downwards  by  the  new  root  fibres;  while  the  bulbs 
of  the  iris  have  been  fuppofed  to  have  been  puttied  upwards,  like  the 
lamb-like  baromctz,  by  the  refiftance  of  the  foil  to  the  elongation  of 
the  root-fibres ; which  laft  feems  to  be  a much  more  probable  idea 
than  the  former. 

From  thefe  obfervations  it  appears,  that  the  concentric  leaves, 
which  incircie  the  Hems  of  bulb-rooted  plants,  are  the  lungs  to  the 
caudex,  as  one  or  more  leaves  are  to  the  bud  of  a tree  ; and  that  the 
caudex  with  thefe  leaves,  and  the  root-fibres,  conftitute  a vegetable 
being;  which  produces  a viviparous  progeny  of  new  leaf-bulbs,  or  a 
feminiferous  progeny  in  flower-bulbs,  with  a magazine  of  nutriment 
in  the  flefliy  bafe  of  each  leaf ; and  that  the  tulip  produces  only  leaf- 
bulbs  for  four  or  five  years  from  the  feed,  and  then  but  one  flower- 
bulb  with  many  leaf-bulbs  annually.  But  that  the  onion-kind,  al- 
lium, generates  two  or  three  flower-bulbs  in  the  firft  fummer  from 
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the  feed  ; which  produce  flowers  and  other  leaf-bulbs  in  the  fecond 
fummer  from  the  feed.  And  lafily,  that  it  is  probable,  that  all  bul- 
bous roots,  like  the  buds  of  deciduous  trees,  and  perhaps  of  evergreen 
ones  alfo,  are  properly  fpeaking  biennial  plants,  as  they  rife  in  one 
fummer  and  perifh  in  the  next. 

3.  In  tulip-roots,  which  have  been  planted  too  deep  in  the  earth, 
and  in  onion-roots,  a vegetable  cord,  or  procefs,  is  fometimes  feen 
about  an  inch  long  to  arife  from  the  caudex  beneath  the  bafes  of  the 
cylindrical  leaves,  and  to  form  a new  bulb.  Similar  to  this  appears 
the  natural  growth  of  the  roots  of  potatoes;  a fpermatic  cord  arifes 
from  the  old  root,  after  the  leaves  are  expanded  in  the  air,  to  oxy- 
genate the  vegetable  blood,  and  a new  tuberous  or  bulbous  root  is 
thus  generated. 

This  mode  of  producing  diftant  roots  is  exafily  refembled  above 
ground  by  the  wires  of  ftrawberries  ; which  may  be  called  lpermatic 
cords,  which  depofit  a new  vegetable  being  on  the  earth,  and  fupport 
it  like  a bud  on  a tree,  till  it  can  ftrike  roots  into  the  foil,  and  elevate 
leaves  into  the  air.  The  final  caufe  of  the  length  of  thefe  fubterra- 
neous  and  aerial  fpermatic  cords  is  evidently  the  defign  of  placing 
their  roots  at  a convenient  difiance  from  their  parent  plants ; that 
they  may  not  incommode  each  other,  but  may  both  of  them  more  rea- 
dily acquire  nutritious  juices  from  the  earth,  and  the  ventilation  and 
funfhine  of  the  atmofphere. 

Thefe  embryon  vegetables  in  the  various  bulbous  and  tuberous  roots 
are  in  very  different  ftates  of  maturity,  as  in  the  buds  of  different 
trees  ; thus  in  the  potatoe  the  corculum  or  plumula  of  the  new  plant 
only  is  vifible,  furrounded  with  a farinaceous  nutriment,  as  in  many 
feeds ; whereas  in  the  tulip  and  hyacinth  the  flower  of  the  fucceed- 
ing  year  is  difcernible,  as  in  the  bud  of  the  horfe-chefnut. 

As  the  ripening  of  the  feed  of  fome  bulbous-rooted  plants  is  for- 
warded by  defiroying  the  new  bulbs,  as  in  orchis  ; and  the  flowering 
bulbs  of  other  plants  are  made  fironger  by  railing  them  out  of  the 
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earth,  and  taking  away  the  leaf-bulbs,  which  furround  them  on  the 
fame  caudex  ; as  in- the  cuftomary  management  of  tulip-roots,  and 
hyacinth-roots  by  the  florifts  ; I was  led  to  fufpedl,  that  pinching  off 
the  flowers  of  potatoes  two  or  three  times  might  increafe  the  fize  or 
quantity  of  the  roots;  as  the  nourifhment  derived  from  the  vegetable 
blood  to  the  flowers  and  feeds  might  thus  be  directed  to  enlarge  the 
roots,  and  thus  lay  up  more  nutriment  for  the  future  plants.  This 
idea  I mentioned  to  an  ingenious  Lady,  who  acquainted  me  a few 
months  afterwards,  that  on  a few  roots  fhe  had  made  this  experiment 
with  apparent  advantage. 

4.  The  bulbous  and  tuberous  roots  of  plants  are  a lateral  or  pater- 
nal progeny  like  the  buds  of  trees,  and  therefore  exadtly  refemble  the 
parent  plant,  as  mentioned  in  Se£t.  III.  2.  1.  and  on  this  account  may 
be  liable  to  be  affe&ed  by  hereditary  difeafes,  and  thus  to  become  un- 
healthy; whence  the  canker  is  fuppofed  to  arife  in  thofe  apple-trees, 
which  have  for  a century  or  two  been  propagated  by  grafting;  and 
the  curled  leaf  in  potatoes,  which  have  been  too  long  propagated  by 
their  bulbs  ; and  the  barrennefs  of  hautbois  ftrawberries,  which  have 
too  long  been  propagated  by  wires ; all  which  difeafes  are  believed  not 
to  happen  in  thefe  plants,  if  they  have  recently  been  railed  from  feed, 
but  want  further  obfervations  to  authenticate  the  faffs. 

But  there  exifts  a fet  of  bulbs,  which  feem  to  be  formed  by  amato- 
rial  or  feminal  generation,  and  not  by  the  lateral  or  paternal  gene- 
ration, and  would  therefore  feem  to  be  a viviparous  fexual  progeny. 
Thefe  are  produced  on  the  flower-ftem  in  the  place  of  feeds  ; and  in 
procefs  of  time  fall  off,  and  take  root  in  the  earth,  as  is  agreeably  feen 
in  the  polygonum  viviparum,  viviparous  biflort,  and  the  magical  onion, 
allium  magicum,  and  the  leek,  allium  fativum.  A curious  queflioa 
here  occurs,  whether  the  plants  from  thefe  bulbs  are  liable  exaffly  to 
refemble  their  parents  ? and  whether  they  would  be  liable  to  heredi- 
tary difeafes  from  a long  cultivation  of  them  in  fucceffion,  as  is  fup- 
pofed to  happen  to  thofe  mentioned  above  ? 

Though 
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Though  a perfeft  flower  precedes  the  produT  of  fome  fummit- 
bulbs,  as  I believe  in  the  lower  part  of  the  fpike  of  the  polygonum  vi- 
viparum ; yet  I fufpedt,  that  the  fummit-bulbs  of  allium  magicum, 
are  exaflly  flmilar  to  the  bulbs,  which  are  produced  at  their  roots ; 
becaufe  on  cutting  one  of  them  horizontally  into  two  hemifpheres 
this  morning,  September  10,  I obferved  three  young  bulbs  inclofed  in 
the  concentric  flefhy  membranes  of  the  fummit-bulb  in  the  following 
manner ; live  thick  flefhy  concentric  coats  of  the  general  fummit- 
bulb  being  taken  away,  there  appeared  one  Angle  naked  fmall  bulb; 
and  on  the  fixth  coat  being  removed,  two  other  bulbs  became  vifible, 
which  were  included  in  it.  Whence  it  feems,  that  thefe  ftem-bulbs 
are  as  forward  as  tbofe  of  the  root,  and  probably  are  in  every  refpe<ft 
fimilar  ; and  that  the  bradles  or  floral-leaves,  which  in  feed-bear- 
ing plants  fecrete  or  prepare  a nourifhment  for  the  feed,  and  peri- 
carp of  the  flower,  acquire  in  thefe  bulbiferous  onions  and  leeks  a 
new  office,  and  prepare  a magazine  of  nourifhment  in  the  concentric 
membranes,  which  furround  their  fummit-bulbs  ; and  thefe  may  be 
efteemed  therefore  a fexual  viviparous  progeny  of  vegetables,  as  buds 
are  a lateral  viviparous  progeny. 

5.  The  roots  of  trees  fo  refemble  their  branches,  that  fubterrane- 
ous  buds  are  frequently  produced  upon  them,  which  refemble  the 
parent-tree.  The  bark  of  the  root  likewife  fo  refembles  the  bark  of 
the  branches,  that  it  is  not  uncommon  to  ingraft  with  fuccefs  on 
roots  taken  out  of  the  earth  and  replanted  ; as  the  robinia  on  the  root 
of  the  acacia,  and  any  other  apples  on  the  roots  or  the  fuckers  of  bur- 
apples  or  of  codlings;  which  may  be  done  earlier  in  the  vernal 
months,  as  being  lefs  liable  to  injury  from  frofty  nights  ; and  it  is 
probable,  that  budding  or  inoculating  may  be  performed  in  the  fame 
manner  on  the  roots  at  midfummer,  as  on  the  branches. 

The  roots  of  thofe  plants,  which  are  otherwife  not  eafily  propa- 
gated, will  fhoot  up  buds,  if  a part  of  them  next  to  the  plant  be  half 
cut  through,  or  raifed  out  of  the  ground,  and  expofed  to  the  air  ; as 
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in  pyramidal  campanula,  and  geranium  lobatum  ; and  after  a time  the 
root  may  be  feparated  from  the  flock,  and  many  new  plants  may  be 
this  way  produced. 

Thefe  root-buds,  or  fuckers,  are  generally  produced  near  the  trunk 
of  the  tree,  before  the  root  defcends  much  beneath  the  foil ; but  in 
fome  trees,  as  the  elm,  ulmus,  and  acer,  maple,  whofe  roots  fpread 
far  horizontally,  and  near  the  furface  of  the  earth,  they  are  generated 
at  a great  diflanee  from  the  parent  tree  ; becaufe  the  new  fcion  can 
thus  foon  acquire  the  Influence  of  the  atmofphere  on  its  expanding- 
foliage.  Thefe  root-fcions  from  apple-trees  are  frequently  ufed  in  ve- 
getable nurferies  for  the  purpofe  of  ingrafting  upon,  and  are  termed 
paradice-flocks  by  fome  gardeners ; but  are  not  liable  to  the  canker 
like  the  grafts  from  thofe  old  apple-trees,  which  have  been  in  fafhion. 
above  a century ; as  thefe  root-fcions  referable  the  trunk  of  the  tree, 
which  produces  them,  not  the  ingrafted  head  of  it ; and  thus  may  not 
have  been  many  years  from  the  ft  ate  of  a feedling  vegetable. 

Similar  to  thefe  root-fcions  of  trees  it  is  probable,  that  the  root- 
buds  of  perennial  herbaceous  plants  are  produced  ; which  have  diva- 
ricated, or  fibrous-roots,  and  whofe  fummits  perilh  in  the  winter. 
For  many  years  the  root  thickens  by  an  annual  new  bark  being  in- 
duced over  the  old  one,  exactly  as  in  the  trunks  and  roots  of  trees. 

As  thefe  roots  in creafe  in  fize,  the  central  part,  1 fuppofe,  changes 
like  the  internal  wood  of  a tree,  and  ceafes  to  pofi'efs  vegetable  life  ; 
and  in  procefs  of  time  is  liable  to  decay.  On  this  account  thefe  pe- 
rennial roots  are  not  fo  valuable  for  the  purpofes  of  medicine  or  diet, 
or  mechanic  arts,  either  before  or  after  they  have  pafled  a determinate 
age  1 as  the  bark  of  the  root  changes  annually  into  a kind  of  albur- 
num, and  then  into  a kind  of  wood,  and  laftly,  is  liable  to  decay,  as 
occurs  in  the  roots  of  rheum  palmatum,  when  they  are  feven  or 
more  years  old„  See  Se£t.  XVII.  2.  1.  This  decay  of  the  central  part 
of  the  root,  which  happens  annually  to  fome  plants,  and  is  furrounded 
with  new  buds  and  their  root-fibres,  exhibits  the  appearance  of  the 
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lower  end  of  the  root  having  been  chopped,  or  bitten  off,  to  fome  fan- 
ciful botanifts ; as  in  plantago  major,  and  valerian  ; and  has  hence 
given  to  fcabiofa  fuccifa  the  name  of  devil’s-bit,  morfus  diaboli. 

6.  The  bulbs  already  mentioned,  as  thofe  of  tulips,  hyacinths,  and 
onions,  are  properly  the  winter-cradles,  or  hybernacula,  of  the  young 
plants,  whether  in  their  leaf-bulb  or  flower-bulb  ftate  ; and  are  fur- 
niflied  with  a magazine  or  refervoir  of  nourifliment  for  the  growing 
embryons,  as  appears  in  the  fquil,  fcilla  maritima,  which  vegetates 
from  this  fource  of  nutriment  in  the  druggifts  fhops.  But  there  are 
other  roots  termed  tuberous  roots,  as  of  turnep  and  carrot,  which 
confifl:  folely  of  a large  refervoir  of  nutriment  for  the  growth  and 
nourifliment  of  the  riling  ftem  and  future  feeds  ; whether  thefe  are 
produced  in  the  fame  year,  as  occurs,  when  the  feeds  are  fown  early 
in  the  fpring  ; or  when  their  vegetation  is  flopped  by  the  cold  of 
winter,  and  proceeds  again  in  the  enfuing  fpring  ; as  generally  occurs 
to  our  turneps,  the  roots  of  which  I am  well  informed  may  be  much 
enlarged  by  tranfplantation.  See  Sect.  XII.  6. 

In  thefe  plants  the  leaves,  by  expofing  the  vegetable  blood  to  the 
influence  of  the  air,  prepare  it  for  the  fecretion  of  nutriment  in  their 
knobby  roots  ; in  the  fame  manner  as  nourifliment  is  produced  and 
referved  in  the  concentric  flefliy  bafes  of  the  leaves  of  onions  ; and  in 
thefe  plants,  as  in  the  onion  kind,  the  leaves,  which  furround  the 
bafe  of  the  new  flems,  wither  and  die;  as  the  new  buds,  or  bulbs, 
put  forth  leaves  of  their  own  for  the  purpofe  of  oxygenating  their 
blood.  Thus  it  appears,  that  the  Hem  and  flower  of  the  onion,  or 
carrot,  or  turnep,  is  a new  plant,  not  arifing  immediately  from  the 
feed  which  was  fown,  but  from  the  leaf-root  or  leaf-knob,  if  it  may 
be  fo  called,  which  preceded  the  production  of  the  flower-bud,  or 
flower-item,  exactly  as  the  flower  or  ear  of  wheat,  which  was  fliewn 
in  Sect.  IX.  3.  1.  to  have  three  or  four  fucceffive  leaf-buds  preceding 
the  flower-bud. 

From  thefe  obfervations  may  we  conclude,  that  no  flower-bud  or 
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flower-bulb  is  ever  produced  from  a feed,  without  the  previous  in- 
terpofition  of  one  or  more  leaf-buds  or  leaf-bulbs  ? and  that  thofe 
flower-buds  or  flower-bulbs  are  either  produced  in  one  generation  af- 
ter fowing  the  feed,  as  the  flower-bulbs  of  onions,  which  are  gene- 
rated and  nourifhed  at  the  bafes  of  the  concentric  cylindrical  leaves  of 
the  preceding  leaf-plant,  which  arofe  from  the  feed  ; or  as  the  Items 
and  flower-buds  of  the  carrot  and  turnep,  which  are  generated  and 
nourifhed  at  the  bafe  of  the  concentric  leaves  of  the  preceding  leaf- 
plant.  Or  fecondly,  that  they  are  produced  in  one  fummer,  though 
after  feveral  generations  from  the  feed  ; as  the  three  or  four  joints  of 
the  fl:em  of  wheat,  and  other  grades,  which  are  generated  and  nou- 
rifhed in  fucceflion  in  the  bofoms  of  four  or  five  cylindrical  leaves, 
one  at  each  joint ; which  alfo  probably  obtains  in  all  other  vegeta- 
bles, which  are  fupported  by  hollow  Items  divided  by  joints,  and 
furnifhed  with  leaves  at  thefe  flem-joints  with  or  without  branches, 
as  tragopogon  or  picris.  In  thefe  plants,  where  there  are  no  branches, 
there  is  Amply  a new  central  bud  j and  two  or  more  lateral  new  buds 
befide  the  central  one,  where  there  are  branches. 

Or  lafldy,  where  the  leaf-buds  or  leaf-bulbs,  which  are  produced 
from  feeds,  fucceed  each  other  for  fome  years,  before  they  arrive  at 
fufficient  maturity  to  produce  fexual  organs,  or  generate  a flower, 
as  in  the  bulbs  of  tulips,  and  hyacinths,  and  the  buds  of  trees. 
Whence  we  at  length  acquire  a diftinCt  idea,  why  feedling  apple-trees 
are  ten  or  twelve  years  before  they  bear  fruit  j though  the  buds  or 
fhoots  taken  from  a tree,  which  already  has  born  fruit,  and  ingraft- 
ed even  on  a young  feedling-tree,  fhall  produce  flowers  in  the  firffc  or 
fecond  year ; as  thefe  buds  have  already  acquired  that  ftate  of  per- 
fection or  maturity,  which  is  neceflary  to  the  production  of  fexual  or 
feminal  generation  : and  as  it  therefore  poflefles  the  age  of  puberty, 
or  the  maturity  of  the  tree ; we  may  fufpeCt,  that  it  will  fooner 
acquire  the  hereditary  difeafes  confequent  to  too  long  unmixed  fuc- 
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ceffive  generations,  a piece  of  very  important  knowledge  to  the 
planters  of  orchards ; which  they  owe  to  the  obfervation  of  Mr. 
Knight,  as  mentioned  in  SeCt.  VII.  1.  3. 

Hence  in  many  plants  produced  from  feeds,  perhaps  in  all,  one  or 
more  leaf-buds  precede  the  flower-bud  ; and  1 fuppofe  generally,  if 
not  always,  a magazine  of  aliment  is  formed  at  the  bafes  of  the  leaves, 
or  in  the  roots,  for  the  nutriment  of  the  fucceeding  leaf-bud  or 
flower-bud,  of  which  it  is  the  parent. 

Thus  in  the  carrot  and  turnep  the  firft  leaves  conftitute  the  lungs 
of  the  new  vegetable  being,  which  generates  the  fucceeding  flower- 
ftem,  and  fecretes  or  depofits  for  it  a magazine  of  aliment,  which 
forms  the  tuberous  root  : and  then  this  flrft  plant  from  the  feed  and 
its  leaves  or  lungs  perilh ; and  the  root  gradually  fhrivels  up,  as  it  is 
abforbed  by  the  new  flower-ftem.  In  many  plants  thefe  firft  or  root- 
leaves  differ  in  form  from  thofe  of  the  fucceeding  ftem,  as  in  palmated 
rhubarb,  and  in  campanula  rotundifolia,  which  is  fo  called  from  the 
round  form  of  the  leaves  of  this  firft  leaf-bud,  or  root-plant,  which 
precedes  the  flower-ftem. 

7.  One  great  advantage  of  Mr.  Tull’s  horfe-hoeing  hufbandry,  in 
which  the  earth  near  the  rows  of  wheat  is  alternately  turned  from 
and  to  them  during  the  vernal  months,  has  been  fuppofed  to  arife 
from  fome  fibres  of  the  roots  being  thus  cut  off,  and  new  ftems  (hoot- 
ing up  at  the  ends  of  thofe  which  remain  ; but  the  real  caufe  of  the 
production  of  the  new  ftems  is  from  the  accumulation  of  earth  above 
the  firft  joint  of  the  young  wheat-plant  ; from  which  the  new  buds 
fpring  out,  generated  and  nourifhed  by  the  caudex  of  the  leaf,  which 
furrounds  that  joint,  and  which  afterwards  withers  ; this  important 
circumftance  is  fhewn  by  the  annexed  delineation  of  a tranfplanted 
wheat-plant. 

The  plant  of  wheat  was  taken  from  a corn-field  in  the  fpring, 
and  then  confifted  firft  of  the  root  immediately  proceeding  from  the 
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feed  a , which  has  been  called  the  feminal  root ; and  fecondly,  of  the 
root,  which  was  then  near  the  furface  of  the  ground  b , which  has 
been  called  the  coronal  root,  was  furnifhed  with  a ftem  and  leaf,  c , d, 
and  with  a fecondary  ftem,  or  root-fcion,  e,  f.  This  wheat-plant 
confifting  of  only  two  ftems  was  replanted  in  my  garden,  and  pur- 
pofely  buried  fo  deep  as  to  cover  the  two  or  three  firft  joints  of  both 
the  ftems  beneath  the  foil ; that  is  as  high  as  the  letter^",  where  the 
fecondary  ftem  was  purpofely  cut  off. 

On  taking  up  this  plant  with  fome  others  on  September  24,  it  had 
affumed  the  form  here  delineated.  The  primary  ftem,  c,g , had  (hot 
out  no  new  roots  from  the  joint  g , which  I fuppofe  to  have  hap- 
pened from  its  being  too  far  advanced  when  replanted  ; as  many 
other  ftems  of  other  wheat-plants,  which  had  not  been  obtruncated, 
had  neverthelefs  put  forth  one  or  more  lateral  ftems  or  root-fcions  at 
the  fecond  or  third  joints,  which  on  tranfplantation  had  been  covered 
with  the  foil. 

But  the  obtruncated  ftem,  e , f,  had  generated  a new  root-fcion 
at  h , like  the  firft  fhoot  from  the  feed  at  a ; which  had  produced 
other  new  ftems,  as  it  approached  nearer  the  furface  of  the  earth  at 
i ; and  as  thefe  advanced  into  the  air,  and  formed  their  leaves,  other 
new  root-fcions  were  generated  at  k and  /.  Whence  it  appears,  that 
by  decapitation,  and  a deeper  immerfion  in  the  ground,  a fecondary 
ftem  in  this  plant  became  multiplied  into  five ; all  which  produced 
perfeft  ears  of  corn  ; and  in  other  roots,  which  I had  planted  in  a 
fimilar  manner,  the  increafe  was  much  greater  : and  efpecially  where 
one  or  more  of  the  primary  or  fecondary  ftems  had  been  decapi- 
tated. 

If  a grain  of  wheat  be  dropped  on  the  furface  of  the  earth,  and  fuf- 
fered  to  fhoot  down  its  roots,  and  to  raife  its  ftem,  which  is  the 
procefs  of  nature,  I fuppofe  but  one  ftem  would  be  produced  ; as  the 
firft  knot  or  joint  of  it  would  not  be  covered  with  earth,  and  could 
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not  therefore  (hoot  down  new  roots ; which  are  necelfary  in  thefc 
plants  to  the  production  of  new  (terns,  which  are  not  branches  but 
fuckers  or  root-fcions. 

But  if  the  grain  be  buried  an  inch  deep  in  the  earth,  a (hoot  rifes 
from  the  roots,  which  iflue  from  the  feed,  which  is  an  elongation  of 
the  caudex,  and  puts  forth  a leaf  in  contact  with  the  furface  of  the 
earth ; this  leaf  and  (tern  conftitute  the  primary  plant,  and  generate 
new  buds,  which  put  forth  new  roots  defcending  into  the  earth ; 
and  thus  three  or  four  or  more  fuckers,  or  new  plants,  arife  round  the 
original  one,  which  was  contained  in  the  feed  : hence  the  appearance 
of  two  roots,  which  fome  authors  have  named  the  feminal  and  co- 
ronal roots.  The  ingenious  Mr.Tull  feems  himfelf  to  have  been 
aware  of  this  circumftance,  as  he  fays  in  his  Hulbandry,  “ Late 
planted  wheat  fends  out  no  root  above  the  grain  before  fpring,  but  is 
nourilhed  all  winter  by  a (ingle  thread  proceeding  from  the  grain  up 
to  the  furface.” 

This  explains  the  prodigious  multiplication  of  the  (lems  of  wheat, 
which  may  be  produced  by  tranfplanting  it  three  or  four  times  in  the 
fummer,  autumn,  and  enfuing  fpring  ; for  if  it  be  fo  managed,  that 
a fecond  joint  of  each  young  (tern  be  buried  in  the  foil,  or  brought 
even  into  contact  with  it,  fo  that  new  roots  may  (trike  down  into  the 
earth  ; the  caudex  of  the  leaf,  which  furrounds  this  joint,  will  gene- 
rate many  new  buds,  which  will  thus  become  fuckers,  or  root-fcions, 
and  rival  their  parent ; and  may  be  again  tranfplanted  or  earthed  up 
three  or  four  times  with  wonderful  increafe.  Mr.  Charles  Miller  of 
Cambridge  fowed  fome  wheat  on  the  fecond  of  June  1766,  and  on 
the  eighth  of  Auguft  one  plant  was  taken  up  and  feparated  into 
eighteen  parts  and  replanted ; thefe  plants  were  again  taken  up  and 
divided  between  the  middle  of  September  and  the  middle  of  Octo- 
ber, and  again  planted  feparately  to  (land  the  winter,  and  this  fecond 
divifion  produced  (ixty-feven  plants.  They  were  again  taken  up,  and 
divided  between  the  middle  of  March  and  the  middle  of  April,  and 
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produced  five  hundred  plants.  The  number  of  ears  thus  produced 
from  one  grain  of  wheat  was  2 1109,  which  meafured  three  pecks 
and  three  quarters  of  corn,  weighed  forty-feven  pounds  feven  ounces, 
and  were  edimated  at  576840  grains  ! Philof.  Tranf.  Vol.  LVIIL 
p.  203.  See  Se£t.  XII.  6. 

Nor  is  this  unfupported  by  the  analogy  of  other  vegetables,  in 
which  new  roots  are  liable  to  fhoot  in  great  abundance  from  their 
joints  either  alone  or  along  with  new  buds,  if  a proper  degree  of 
moifture  is  prefented  to  them.  Thus  if  the  Item  of  a potatoe  be  laid 
down  upon  the  earth,  and  covered  with  foil  over  the  firft  joint,  a new 
feries  of  roots  will  be  protruded  from  that  joint  ; and  afterwards  ano- 
ther feries  of  roots  from  the  fecond  joint,  if  managed  in  the  fame 
manner  ; and  it  is  aflerted  that  this  will  occur  even  if  the  potatoe 
ftems  are  taken  out  of  the  ground,  when  they  are  fix  or  eight  inches 
high,  and  deprived  of  all  their  young  roots,  and  tranfplanted,  fo  as 
to  cover  one  or  two  joints,  and  that  a great  crop  has  been  thus  pro- 
duced. 

The  rapid  growth  of  fome  grades,  and  of  fome  fpecies  of  the  con- 
volvulus, and  of  colt’s-foot,  is  well  known,  and  very  troublefome  in 
many  fituations.  Of  thefe  very  minute  parts  of  the  jointed  root, 
when  cut  from  the  parent,  elongate  themfelves,  and  fhoot  up  new 
plants.  From  the  very  numerous  divifions  of  the  wheat-root  de- 
fcribed  by  Mr.  Miller,  it  may  be  fufpedted  that  fomething  fimilar  to 
this  muft  have  happened,  which  further  obfervations  mud  deter- 
mine. 

Vines  alfo  are  thus  liable  to  flioot  out  roots  at  their  joints,  and 
fig-trees,  when  covered  only  with  a fhred  of  cloth  in  nailing  them 
to  a wall,  if  it  be  accidentally  kept  moid.  And  there  is  an  apple- 
tree,  which  is  called  a burr-apple,  becaufe  it  puts  out  roundifh  pro- 
tuberances or  excrefcences  of  the  bark  like  a burr,  which  if  the 
branch  be  bent  down,  or  even  torn  off,  and  fet  in  the  moid  earth, 
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will  immediately  ftrike  out  roots,  as  I am  told,  and  become  a tree 
fimilar  to  the  parent. 

In  the  fame  manner  I have  been  informed  that  if  a circular  ring: 
of  the  bark  be  cut  off  from  many  trees  and  fhrubs,  which  are  other- 
wife  difficult  to  propagate,  and  earth  be  put  round  the  branch  thus 
decorticated  a few  inches  above  and  below  the  wounded  part,  by 
means  of  a garden-pot  previoufly  broken  longitudinally,  and  bound 
together  round  the  branch,  that  roots  will  ffioot  from  the  upper  lip 
of  the  wound  ; and  in  a little  time  the  branch  may  be  fafely  cut  off 
below  the  garden-pot,  and  planted  with  fuccefs. 

When  a few  inches  of  the  end  of  a branch  are  cut  off  in  the  fpring, 
as  is  common  in  pruning  wall-trees,  new  buds  are  produced  near  the 
extremity,  which  remains;  or  thole,  which  did  exift,  grow  with 
greater  vigour  ; as  they  obtain  fome  of  that  nouriffiment,  which 
lhould  have  fupported  the  buds,  which  were  cut  off.  The  fame  oc- 
curs in  refpedt  to  the  fuckers  or  root-fcions  of  thofe  trees,  which 
produce  them,  as  of  elm-trees,  and  of  fome  apple-trees ; if  many  of 
the  branches  be  cut  away,  the  fuckers  or  root-fcions  become  more 
numerous,  or  more  vigorous. 

This  explains  the  ufe  of  a pradice  among  many  farmers  of  eating 
down  a forward  crop  of  wheat  in  the  fpring  with  ffieep.  In  this 
cafe  the  central  or  upright  ftem  of  the  wheat  is  decapitated,  and 
many  lateral  ones,  or  root-fcions,  as  above  defcribed,  become  gene- 
rated, or  grow  with  greater  vigour  ; acquiring  additional  nourilh- 
ment  from  the  joint,  which  was  to  have  been  expended  in  the  growth 
of  the  central  ftem  ; and  which  appears  fo  diftindly  in  the  preceding 
figure  of  a tranfplanted  wheat-plant,  which  neverthelefs  in  crops, 
which  are  not  too  forward,  may  be  very  injurious,  as  fpoken  of  in 
Sed.  XVI.  2.  3. 

Thus  the  figure  above  alluded  to  explains  four  important  circum- 
ftances  in  the  cultivation  of  grains,  that  of  earthing  up  the  rows  in 
7 fPrinS 
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PLATE  IV. 

Reprefents  a tranfplanted  root  of  wheat  defcribed  in  Se£b.  IX.  3.  7.  a the  feminal 
root,  b the  coronal  root,  a b the  elongated  caudex,  c g the  firft  item,  c d the  firft  leaf, 
e f a fecondary  ftem.  All  thefe  exilted  before  tranfplantation.  The  fecondary  ftem 
was  then  cut  off  at  f,  and  the  plant  was  buried  in  the  foil  as  deep  as  the  letter  f,  where 
it  was  cut  off.  Afterwards  the  ftem,  which  was  lopped,  had  put  forth  a new  caudex 
or  root-fcion  at  h ; which  had  produced  three  new  ftems  at  i ; and  other  new  ones,  as  it 
approached  nearer  the  furface,  at  k and  /.  As  thefe  leaves  advanced  into  the  air,1  the 
latter  new  ftems  were  produced  by  the  caudexes  of  them. 
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fpring  by  Mr.  Tull’s  horfe-hoe;  that  of  eating  down  the  firft  ftems 
of  forward  crops  by  fheep  ; that  of  tranfplanting  the  roots  deeper 
in  the  foil ; and  that  of  fowing  the  feed  an  inch  or  two  beneath  the 
furface.  For  an  account  of  the  drill  husbandry  now  pradtifed  by 
Mr.  Coke  of  Holkham  in  Norfolk,  fee  Sedh  XVI.  2.  2. 
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SECT.  X. 

MANURES,  OR  THE  FOOD  OF  PLANTS. 

I.  i.  The  chyle  of  all  animals  is  fimilar.  It  confijls  of  water,  fugar,  mucilage , 

oil , with  carbon , phofphorus , and  calcareous  earth.  The  sap-juice  of  vege- 
tables confijls  of  water , fugar , mucilage , with  carbon , phofphorus , <2;^  calcare- 
ous earth.  2.  Food  of  young  animah,  of  adidt  animals.  Power  of  digeftion. 
Production  of  fugar  by  digefion.  3.  EW  of  young  vegetables.  Production  of 
fugar  by  germination.  4.  Food  of  adult  plants  from  the  fpontaneous  decompoftion 
of  vegetable  and  animal  bodies , or  from  water  and  air  alone.  They  pofefs  low  heat 
and  cold  blood  like  winter-feeping  animals.  UiftinCiion  between  animals  and  vege- 
tables. II.  1.  Air.  Oxygen  in  air , in  water , united  with  heat , and  light . 
2.  Forms  all  acids.  3.  Metallic  oxydes.  4.  The  bafts  of  all  acids  are  infoluble 
in  water.  5.  Carbonic  acid  gas  from  fermentation.  In  its  fluid  fate.  6.  Aque- 
ous acid.  7.  Oxygen  in  vegetable  perfpiralion.  8.  Plants  fprinkled  with  oxy- 
genated water.  Oxygen  gas  applied  near  their  roots  9 Azote  or  nitrogen  is 
found  in  vegetables.  Produces  nitre  and  ammoniac  III.  i.  Water.  Its  large 
quantity  in  plants.  2.  Ufe  of  their  great  perfpiration.  3.  Water  becomes  decom- 
pofed  in  plants , and  is  hyper-  oxygenated.  4.  Gives  lubricity , fluidity , and folu- 
tion.  5.  Irrigation  of  the  foil  brings  other  manures . 6.  Penetrability  of  the foil 

from  irrigation.  Sow  and  reap  early  in  wet  foils.  7.  Hafiy  flowers  are  injuri- 
ous. Hills  flould  be  ploughed  horizontally . Ufe  of  ridges  and  furrows  Surface 

of  air  greater.  8.  Evaporation  produces  cold.  Ufes  of  coping- ft  ones  on  fruit- walls. 
9.  Production  of  foliage  requires  more  moifiure  than  that  of  feeds.  Frofl  in  Scot- 
land ripens  the  corn.  \ o.  Lime  and  dung-hills  attraCl  water.  Steam  ufed  in 
hot-houfes.  Much  water  in  the  atmofphere.  IV.  1.  Carbon  is  an  univerfal 
material  in  the  atmofphere.  2.  In  lime f one.  3.  In  black  earth , moraffes , loam. 

Carbon  combines  with  putrid  exhalations.  4.  United  with  oxygen  is  foluble  in 
water.  Lime  combines  with  water.  Emits  heat.  Is  broken  into  powder  by  fleam . 
Should  be  flaked  before  it  is  ufed  in  agriculture.  Better  flaked  with  hot  water. 
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Attracts  the  carbonic  acid,  and  in  conference  the  water , of  the  atmoftphere.  5 . Car- 
bonic acid fubfides  on  the  earth  in  the  air.  6.  United  with  calcareous  earth  is 
Joluble  in  water , and  abforbed  by  ’vegetables.  7 . An  experiment  in  which  carbon 
and  lime  form  an  hepar,  and  thus  become Joluble  in  water.  8.  Vegetable  roots  ab- 
Jorb  carbonic  acid  from  limeftone  in  its  fluid ',  not  its  gaffeous  ft  ate.  . 9.  Carbon 
exifts  in Jugar  and  mucilage , which  are  abforbed  undecompounded.  V.  Phospho- 
eus  is  a fimple  fubflance.  Appears  in  rotten  wood.  In  putref cent  flejh  and  fifty. 

2.  Exifts  in  all  vegetable  and  animal  matter , as  feen  in  Homb erg's  pyrophorus,  and 
in  Kunkel's  phofphorus.  3.  And  in  all  calcareous  earth , as  in  oyfter-Jhells , lime- 
ftone, gypfum,  fluor.  4.  Hence  the  ufe  of  calcareous  earth  in  agriculture.  5.  Shells 
become  limeftone  by  attracting  carbonic  acid  from  the  air.  Mountains  of  calcareous 
phofphorus.  Limeftone  fhould  be  burnt  in  clofe  vejfels.  6.  The  bar  chiefs  of  bones 
owing  to  phofphoric  acid,  and  perhaps  of  ligneous  fibres.  VI.  1.  Lime  with 
carbon  may  make  an  hepar  car  bonis  Joluble  in  water.  2.  Unites  with  carbonic 
acid and  renders  it Joluble  in  its  fluid  not  its  gaffeous  ft  ate.  Water  from  Jprings 
is  preferable  to  that  from  rivers  for  flooding  lands.  3.  Lime  unites  with  phof- 
phorus, and  renders  it  Joluble  in  water.  Unites  alfo  with  phofphoric  acid.  Whence 
crab-fifh  renew  their  ftoells,  and  fnails  repair  and  enlarge  theirs.  4.  Lime  unites 
with  oil  and  mucilage,  and  may  thence  become  nutritious.  It  deccmpofes  foap,  and 
conftitutes  a part  of  animals  and  vegetables.  5.  Lime  deftrcys  the  cohefion  of  dead 
vegetables.  Of  recent  ones  by  combuftion.  Attracts  moiftur-e  from  the  air  and 
earth.  Makes  clay  lefts  adheftve.  Unites  with  acids  of  vitriol  and  of  nitre.  Kills 
infeCts.  6.  One  limeftone  twenty  miles  long  and  ten  broad.  Lime  not  of  ufe  on 
wetland,  nor  always  on  all  calcareous  foils.  7.  Lime  both  forwards  the  ripening 
and  meliorates  and  increaftes  wheat  and  grafts  by  ftupplying  nutriment.  8.  Gypftum , 
ftuor , bone  afhes.  Breedon  lime  is  half  magnefia.  VII.  1.  Clay  is  too  adhe- 
ftive.  Becomes  more  folid  by  froft.  2.  Eftferveftces  in  the  air.  Acquires  oxygen. 
So  iron,  manganefte,  "zinc.  Raddle  lifted  as  manure.  3.  Granite  acquires  oxygen. 
Granites  and  dry  clay  have  aftmell  when  breathed  on.  Marl  crumbles  in  the  air. 
Burnt  clay  acquires  oxygen  and  burnt  lead'.  4.  Burnt  clay  promotes  the  genera- 
tion of  nitre.  Ufe  of  paring  and  burning.  5.  Burnt  clay  decompoftes  marine  fait. 
Ufe  offtea-falt  in  manure.  6.  Would  ph of ph at  of  lime  combine  with  clay,  or  bone- 
aftjes  ? 7 . Cohefion  of  clay  overcome  by  air.  By  roots  of  ftrong  plants.  By  car- 
bonic acid  from  leaves  in  the  fthade.  By  dunghill  water.  By  lime.  8.  Aluminous 
clays  how  to  correct.  By  wcod-afthes,ftoap-fuds,  lime,  magnefia.  VIII.  r.  Spon- 
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taneous  manures.  Saccharine  fermentation  is  a chemical  procefs.  Exifls 

beneath  the  /oil.  2.  Vinous  fermentation.  Carbon  and  oxygen  in  a fluid  flate.. 
Heat  of  bark-beds.  Hay-flacks  take  fire . 3.  Putrefaction  decompofes  water.. 

4.  Produces  nitre , whofe  loofe  oxygen  promotes  vegetation.  5.  Sow  foon.  after  the: 
plough.  IX.  Chemical  manures.  1.  Sugar  and  mucilage  abj 'orbed  unde~ 
comp  of ed.  2.  Heat  deflroys  life  in feeds, fruit  s,  roots . Potatoes  dried  on  a malt - 
kiln..  ' Cooked  in  fleam  hotter  than  boiling  water.  Papin's  digefler.  4.  Tritura- 
tion of  wood , flraw , hay,  for  food  in  times  of  fear  city  of  bones , chalk .,  bricks ^ 
ochres , calamy  for  manures..  X.  Insect -manure.  Cultivated  countries  in. - 
creafe  in  fertility.  Some  have  decreafed.  Calcareous  flrata  from  fhells..  Tbofe 
above  them  from  vegetables  and  animals..  The  former  can  live  on  air  and  water,, 
not  the  latter.  2.  Crops  ploughed  in  for  manure.  3.  Inf  efts  in  creafe  manure.. 
Water  from  dunghills.  4.  Fifh.  XI.  Preservation  of  manures.  Rains 
wafh  manure  into  the  fea.  Snow  floods  lefs  injurious.  Hills  fhould  be  ploughed 

horizontally . 2.  Common fhores.  3.  Burial  grounds.  4.  Wood-fuel..  5.  Fer- 
mentation requires  air,  water,  heat.  Manure  fhould  be  turned  over  and  mixed 
with  lime.  6.  Pig-  troughs,  foap-fuds.  7.  Weeds,  leaves,  water-plants.  8.  Peat. 
XII.  Application  of  manures,  i . In  powder  for  top-dreffmg.  Inflraw 
for  clay -fields.  2.  Infields  when  the  corn  is  flowed.  On  grafs -lands  in  the  flpring, 
not  in  the  autumn.  3.  Cover  dung-heaps  with  foil.  Gather  cow-dung  from  the 

grafs.  4.  What  manures  are  mofl  nutritive.  Flefh,  horn,,  woollen  rags , meal, ,, 
Jugar,  oil. 


I.  1.  The  various  fubftances,  which  confiitute  animal  bodies,  or 
which  are  found  in  the  cavities  of  them,  are  compofed  from  fimpler 
elements  by  the  proceffes  of  digeftion,  and  fanguification,  and  fecre- 
tion  ; for  it  is  well  known,  that  even  milk,  which  fo  much  refembles 
the  chyle  of  animals,  is  not  abforbed  by  the  ladleals  without  its  being 
previoufLy  coagulated,  and  again  diffolved  in  the  ftomach  by  the 
power  of  digeftion. 

Hence  it  happens,  that  the  chyle  of  all  animals,  and  from  every 
kind  of  food  which  they  take  into  their  ftomachs,  is  very  fimilar  ; and 
like  milk  confifts  of  water,  fugar,  mucilage,  and  oil ; the  lafh  of 

which 
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which  not  being  foluble  in  water,  but  only  mifcible  with  it,  gives 
it  its  opaque  white  colour. 

But  though  the  chyle  from  different  kinds  of  aliment  is  fo  fimilar, 
and  all  the  various  constituent  parts  of  animal  bodies  are  ulti- 
mately produced  from  the  chyle  by  fanguification  and  fecretion,  yet 
it  happens,  that  fome  kinds  of  aliment  pollefs  a greater  quantity  of 
thefe  particles,  which  make  chyle,  than  other  kinds  of  aliment. 
Such  materials  for  inftance  as  already  contain  much  fugar,  mucilage, 
and  oil,  as  the  flefh  of  dead  animals,  or  the  fruits  and  feeds  of  vege- 
tables. 

Betides  the  water,  fugar,  mucilage,  and  oil,  which  exit!  in  chyle, 
there  may  be  other  materials,  which  are  invifible  from  their  perfect 
folution  in  water,  either  alone  or  when  converted  into  acids  by  the 
addition  of  oxygen  ; as  carbon,  phofphorus,  calcareous  earth,  marine 
and  ammoniacal  falts  ; though  it  is  more  probable,  that  the  two  laft 
are  formed  and  fecreted  by  animal  precedes,  as  well  as  fele&ed  by 
their  abforbent  roots,  as  they  are  more  compounded  bodies  than  the 
former. 

Similar  to  this  chyle  of  animals  the  fap-juice,  which  is  abforbed 
from  the  earth  by  the  roots  of  plants,  conftitutes  their  nourifhment, 
and  confifts  of  water,  fugar,  and  mucilage,  with  other  tranfparent 
Solutions,  as  of  carbon,  phofphorus,  and  calcareous  earth.  And  though 
It  has  been  proved  by  the  experiments  of  fome  philofhphers,  that  ve- 
getables can  extract  or  compofe  all  thefe  fubftances  from  air  and 
water  alone  ; yet  fome  materials  contribute  more  to  the  production  of 
this  vegetable  chyle  or  fap-juice  than  others,  fuch  as  the  recrements 
of  dead  vegetable  and  animal  fubftances. 

2.  If  any  one  Should  atk,  what  is  the  food  of  animals  ? I Should 
anfwer,  that  in  the  mod  early  State  of  animal  life  the  embryon  lives 
on  a mucilaginous  fluid,  with  which  it  is  furrounded,  whether  in  the 
egg  or  womb:  that  in  its  infant  ftate  the  young  animal  is  fuftained 
'by  milk,  which  its  ftomach  converts  into  chyle, 
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In  their  adult  ftate  animals  are  fuftained  by  other  vegetable  or  ani- 
mal fubftances  taken  into  their  Stomachs,  which  are  there  converted 
into  chyle  partly  by  a chemical,  and  partly  by  an  animal  procefs  ; as  by 
a mixture  of  gaftric  juice  with  water  and  heat,  fome  of  thefe  recre- 
ments of  organic  nature  are  decompofed,  either  into  their  Ampler 
component  parts,  or  fometimes  even  into  their  elements;  while  other 
parts  of  them  are  only  rendered  foluble  or  mifcible  with  water;  and 
are  then  drank  up  by  the  abforbents  of  the  ftomach  and  inteftines. 

In  this  procefs  of  digeftion  much  fugar  is  produced,  which  is  pro- 
bably immediately  felefted  and  drank  up  by  the  numerous  mouths  of 
the  la&eals,  or  lymphatics  ; to  which  it  is  prefented  by  the  vermi- 
cular or  peristaltic  motions  of  the  ftomach  and  inteftines.  And  as  this 
ready  Selection  and  abforption  of  the  fugar,  as  foon  as  it  is  formed, 
prevents  it  from  pafling  into  the  vinous  or  acetous  fermentation  ; it 
is  probable  that  from  the  want  of  fuch  a means  of  Separating  Sac- 
charine matter,  as  foon  as  it  is  formed,  chemiftry  has  not  yet  been 
able  to  produce  fugar  from  its  elements  without  the  afliftance  of  ani- 
mal digeftion,  or  vegetable  germination  ; as  further  Spoken  of  in 
No.  8.  1.  of  this  Section. 

In  this  procefs  of  digeftion,  I believe,  a great  part  of  the  water, 
Sugar,  mucilage,  and  oil,  which  exift:  in  vegetable  and  animal  re- 
crements, are  not  decompofed  into  their  elements,  but  abforbed  by 
being  Soluble  or  mifcible  with  water;  the  carbon,  and  the  phof- 
phorus,  and  the  hydrogen,  are  alfo  I fuppofe  diflolved  in  the  other 
fluids  by  means  of  oxygen,  and  form  a part  of  the  chyle,  without 
their  being  converted  into  gaffes ; for  when  this  happens  to  any  ex- 
cefs  in  refpeft  to  carbon,  it  efcapes  from  the  ftomach  in  eru&ations ; 
and  the  Same  occurs  to  the  inflammable  air  or  hydrogen,  if  a part  of 
the  water  becomes  decompofed  in  the  inteftines  ; which,  if  it  be  not 
abforbed  by  its  Solution  in  other  fluids,  but  acquires  a gafleous  ftate, 
is  liable  to  efcape  below  ; though  both  thefe  gaffes  Seem  occasionally 

to 
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to  revert  to  a fluid  ftate  from  their  aerial  one  in  the  ftomach  or  in- 
teftines,  and  to  be  then  abforbable  by  the  la&eals  or  lymphatics. 

3.  What  then  is  the  food  of  vegetables  ? the  embryon  plant  in  the 
feed  or  fruit  is  furrounded  with  faccharine,  mucilaginous,  and  oily 
materials,  like  the  animal  fetus  in  the  egg  or  uterus,  which  it  ab- 
forbs,  and  converts  into  nutriment ; while  the  embryon  buds  of  de- 
ciduous trees,  which  is  another  infantine  ftate  of  vegetables,  are  fup- 
plied  with  a faccharine  and  mucilaginous  juice  prepared  for  them  at 
the  time  of  their  production,  and  depofited  in  the  roots  or  fap-wood 
of  their  parent-trees  ; as  in  the  vine,  maple,  and  birch  ; which  fac- 
charine matter  is  foluble  and  mifcible  with  the  water  of  the  furround- 
ing earth  in  the  fubfequent  fpring,  and  is  forcibly  abforbed  by  their 
root-vefiels,  and  expands  their  nafcent  foliage. 

In  their  infantine  ftate  therefore  there  is  a wonderful  analogy  be- 
tween plants  and  animals ; and  it  is  particularly  curious  to  obferve 
in  the  procefs  of  converting  barley  into  malt  by  the  germination  of 
the  feed,  that  the  meal  of  the  barley  is  in  part  converted  into  fugar 
by  the  digeftion  of  the  young  plant  exaClly  as  in  the  animal  ftomach. 
The  wonderful  effeCl  of  vegetable  digeftion  in  producing  fugar  may 
be  deduced  from  the  great  product  of  the  fugar-cane,  and  of  the 
maple-tree  in  America,  mentioned  in  Sect.  III.  2.  3.  and  the  won- 
derful effeCt  of  animal  digeftion  in  producing  fugar  appears  in  patients* 
who  labour  under  diabetes.  A man  in  the  Infirmary  of  Stafford,  who 
drank  daily  an  immoderate  quantity  of  beer,  and  who  eat  above  twice 
the  quantity  of  food  that  thofe  in  health  confume,  voided  fixteen  or 
eighteen  pounds  of  water  daily,  from  each  pound  of  which  above  an 
ounce  of  coarfe  fugar  was  extracted  by  evaporation.  Zoonomia,Vol.  U 
SeCt.  XXIX.  4.  9. 

4.  We  now  come  to  conftder  the  food  of  adult  plants  ; and  in  this, 
confifts  the  great  and  effential  difference  between  the  nutritive  pro- 
ceffes  of  animals  and  vegetables.  The  former  are  poffeffed  of  a fto- 
mach, by  which  they  can  in  a few  hours  decompofe  the  tender  parts. 
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of  vegetable  and  animal  fubftances  by  a chemical  procefs  within  them- 
felves,  conducted  in  the  heat  of  ninety -eight  degrees,  with  a due 
quantity  of  water,  and  a perpetual  agitation  of  the  ingredients ; which 
both  mixes  them,  and  applies  them  to  the  mouths  of  the  abforbent 
veffels,  which  furround  them.  Whereas  a vegetable  being  having 
no  ftomach  is  neceffitated  to  wait  for  the  fpontaneous  decompofitioii 
of  animal  or  vegetable  recrements  j which  is  indeed  continually  go- 
ing on  in  thofe  foils,  and  climates,  and  in  thofe  feafons  of  the  year, 
which  are  mofl:  friendly  to  vegetation  ; but  is  in  other  fituations,  and 
in  other  feafons,  a How  procefs  in  a degree  of  heat  often  as  low  as 
forty  of  Farenheit,(in  which  the  reindeer  mofs,molchus  rangiferinus, 
vegetates  beneath  the  fnow  in  Siberia,)  and  often  without  an  adapted 
quantity  of  water  to  give  a due  fluidity,  or  any  mechanical  locomo- 
tion to  prefect  them  to  the  abforbent  mouths  of  their  roots  ; or  in  ffill 
vvorfe  fituations  adult  vegetables  are  neceffitated  ftill  more  flowly  to 
acquire  or  produce  their  nutritive  juices  from  the  Ampler  elements  of 
air  and  water,  with  perhaps  the  folutions  of  carbonic  acid  and  cal- 
careous earth,  and  perhaps  of  fome  other  matters,  with  which  one  or 
more  of  them  abound. 

But  M.  Hahfenfratz  found,  that  the  vegetation  of  thofe  plants  was 
imperfedt,  which  had  not  been  fuffered  to  grow  in  contact  with  the 
earth  ; as  they  never  arrived  at  fuch  maturity  as  to  produce  fruit ; 
and  were  found  on  analyfis  to  contain  a lefs  portion  of  carbon,  than 
other  plants  of  the  fame  kind.  The  experiments  were  tried  on  hya- 
cinths, kidney-beans,  and  crefles. 

Hence  the  other  great  difference,  which  exifts  between  thefe  two 
extenfive  kingdoms  of  nature,  is,  that  the  larger  and  warmer  blooded 
animals  certainly,  and  I fuppofe  all  the  tribes  of  infedts,  and  of  colder 
blooded  creatures  alfo,  can  not  exift  long  on  air  and  water  alone,  ex- 
cept in  their  flate  of  hibernal  torpor.  The  nearefl:  approach  to  this  is 
however  feen  in  fome  fevers,  where  water  alone  has  been  taken  for 
a week  or  two,  and  yet  the  patient  has  recovered  ; and  there  is  a well 
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attefted  account  of  a numerous  caravan,  which  having  loft  their  rout, 
or  their  provisions,  are  affirmed  to  have  lived  foine  weeks  on  gum 
arabic  and  water  alone* 

Vegetables  on  the  contrary,  as  above  mentioned,  can  exift,  though 
in  a feebler  ftate,  on  water  and  air  alone,  with  the  carbonic  acid, 
and  perhaps  other  invisible  folvends,  which  thofe  elements  unavoid- 
ably contain.  This  I fuppofe  to  be  owing  to  the  low  degree  of  heat, 
which  they  produce  internally,  and  to  the  flow  circulation  of  their 
blood  ; from  both  which  circumftances  lefs  nutriment  is  expended* 
as  by  animals  which  fleep  in  winter* 

For  the  purpofe  of  fupplying  adult  vegetables  with  nourishment, 
we  Should  fir  ft  confider  what  kinds  of  matter  are  moft  prevalent  or 
mod  neceflary  in  their  composition.'  Secondly,  what  of  thefe  fub- 
ftances  they  can  abforb  without  previous  decompofition.  Laftly,  how 
to  expedite  the  decomposition  of  vegetable  and  animal  fubftances  on 
or  in  the  foil,  like  the  digeftive  pi  oceSTes  in  the  ftomachs  of  animals  ; 
we  may  thus  become  acquainted  with  the  Sources  and  the  manage- 
ment of  manures* 


II*  A I R. 

i.  Oxygen  combined  with  heat  conftitutes  that  part  of  the  atmo- 
fphere, which  is  perpetually  neceflary  to  animal  and  vegetable  refpi- 
ration  ; and  a greater  part  of  that  water,  which  forms  a principal 
portion  of  their  organization  ; a few  words  may  be  therefore  premif- 
ed  on  thefe  moft  important  difeoveries  of  modern  chemiftry. 

This  vital  air,  called  oxygen  gas,  conftitutes  twenty-feven  hun- 
dredth parts  of  the  atmofphere  ; it  is  indifpenfably  neceflary  to  the' 
exiftence  of  life,  and  of  combuftion,  and  forms  the  principal  part  of 
all  acids ; whence  its  name.  The  other  feventy-three  hundredth 
parts  of  the  atmofphere  confift  of  azote,  which  takes  its  name  from 
its  inutility  to  life  in  animal  refpiration  ; it  is  alio  called  nitrogen, 
becaufe  it  conftitu  tes  the  bafis  of  nitre. 
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Oxygen  ga?  confifls  of  oxygen  and  heat ; and  when  it  unites  with 
fuch  bodies,  as  are  capable  of  uniting  with  it,  the  heat  is  fet  at  liberty, 
as  in  relpiration  and  in  combuflion;  in  both  which  proceffes  an  acid 
is  produced  by  the  combination  of  oxygen  with  fome  inflammable 
bafe.  Hence  vital  air  confifts  of  oxygen  diflolved  in  the  fluid  matter 
of  heat  ; but  there  is  alio  another  fluid,  which  feems  to  be  combined 
with  this  folution  of  oxygen  in  heat,  and  that  is  light.  For  when 
oxygen  becomes  combined  with  charcoal,  or  with  fulphur,  or  with 
phofphorus,  both  heat  or  light  are  fet  at  liberty  from  thefe  new  com- 
binations of  oxygen  ; which  thus  produce  the  carbonic,  fulphuric, 
and  phofphoric  acids. 

When  thefe  new  combinations  of  oxygen  are  performed  very 
flowly,  the  light  is  fometimes  not  vifible,  as  in  the  heating  of  a dung- 
hill ; in  which  procefs  the  oxygen  in  the  ceils  or  cavities  of  the  hot- 
bed unites  flowly  with  the  carbon  and  phofphorus  of  the  decompof- 
ing  vegetable  and  animal  matters  ; but  though  much  heat  is  given 
•out,  no  light  is  feen.  While  on  the  contrary  from  rotten  wood  alone, 
or  putrefcent  fifh,  when  expofed  to  the  atmofphere,  much  light  is 
emitted,  but  not  much  fenfible  heat,  owing  perhaps  Amply  to  the 
combuflion  of  the  phofphorus,  which  they  contain. 

2.  The  products  of  thefe  combinations  of  oxygen  with  other  bodies 
may  all  of  them  be  termed  acids  ; though  in  fome  the  heat  or  light 
fet  at  liberty  converts  thefe  acid  productions  into  gaffes,  as  oxygen 
and  charcoal  form  carbonic  acid  gas  ; and  in  others  it  converts  the 
new  product  into  fleam,  which  is  condenfible  by  cold,  as  the  ful- 
phuric acid  from  the  combination  of  oxygen  and  fulphur;  and  the 
phofphoric  acid  from  oxygen  and  phofphorus. 

3.  Other  combinations  of  oxygen  with  heavier  fubflances  are  pro- 
duced in  the  atmofphere  without  the  fcparation  of  either  fenfible 
beat,  or  vifible  light ; as  the  union  of  oxygen  with  metallic  bodies, 
as  with  that  of  manganefe,  with  zinc,  lead,  iron,  as  in  common  ore 
of  manganefe,  in  lapis  calaminaris,  white  calciform  lead-ore,  and  the 
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red  ochre  of  iron  ; which  have  not  obtained  the  name  of  acids,  bat 
are  termed  oxydes  of  thofe  minerals. 

4.  Now  it  happens,  that  none  of  thefe  bafes,  which  can  combine 
with  oxygen  alone,  are  foluble  in  water,  and  therefore  can  not  be 
imbibed  by  the  abforbent  veffels  of  vegetable  roots,  until  they  become 
acids ; and  are  perhaps  then  all  of  them  in  greater  or  lefs  quantities 
foluble  in  water  ; and  are  thence  capable  of  being  drank  up  by  the  ab- 
forbent veffels  of  vegetable  roots,  and  conflitute  a part  of  the  food  of 
plants. 

5.  When  vegetable  fubflances  are  decompofed  by  fermentation, 
there  is  a quick  union  of  oxygen  and  carbon  ; and  this  carbonic  acid 
gas,  called  formerly  fixed  air,  rifes  up  in  vapour,  and  flies  away. 
But  where  this  procefs  goes  on  more  flowly,  as  in  a dung-hill  lately 
turned  over,  or  in  black  garden  mould  lately  turned  over,  and  thus 
expofed  to  the  air ; much  of  which  remains  in  the  cells  or  cavities 
of  the  hotbed,  or  border  ; this  carbonic  acid  is  flowly  produced,  and  is 
abforbed  by  vegetable  roots,  I fuppofe  in  its  fluid  Rate,  or  diffolved 
in  water,  before  it  acquires  fo  much  heat  as  to  rife  in  the  atmofphere 
in  the  form  of  gas. 

This  carbonic  gas  in  its  fluid  Rate,  or  diffolved  in  water,  not  in  its 
aerial  or  gaffeous  Rate,  is  the  principal  food  of  plants  ; as  appears, 
becaufe  their  folid  fibres  confiR  principally  of  carbon,  and  their  fluids 
of  water. 

6.  Next  to  carbonic  acid  the  aqueous  acid,  if  it  may  be  fo  called,  or 
water,  feems  to  afford  the  principal  food  of  vegetables ; as  water  con- 
fiRs  of  oxygen  and  hydrogen,  it  is  properly  an  acid,  like  all  other  com- 
binations of  oxygen  ; and  when  abforbed  by  vegetable  roots  becomes 
in  part  decompofed  in  the  circulation  or  fecretion  of  their  juices  ; 
the  oxygen  difappears,  or  contributes  to  form  the  vegetable  acids  ; 
and  the  hydrogen  produces  ammonia  by  its  union  with  azote  ; which 
may  contribute  to  vegetable  nutriment  by  its  mixture  with  oils,  and 
thus  producing  foaps,  which  become  diffufible  in  water  ; and  alfo  by 
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decompofing  infoluble  faline  earths,  as  gypfum,  or  metallic  falts,  as 
vitriol  of  iron,  and  thus  producing  more  foluble  or  innocuous  falts. 
And  which  laftly  forms  a part  of  the  various  vegetable  productions  of 
fugar,  honey,  wax,  refin,  and  other  fecretions. 

7.  There  is  a curious  evolution  of  oxygen  attends  the  perfpiration 
of  the  leaves  of  plants,  which  is  not  known  to  attend  that  of  animal 
lungs  j and  that  is,  that  when  vegetable  leaves  are  expofed  to  the 
fun’s  light,  they  feem  to  give  up  oxygen  gas  ; but  in  the  dark  they 
give  up  carbonic  acid  gas,  like  the  breath  of  animals.  It  is  probable  that 
animal  lungs  might  do  the  fame,  if  they  were  expofed  to  the  light ; 
as  perhaps  might  be  fubjedted  to  experiment  in  the  gills  of  fifh,  or 
by  breathing  through  a tube  into  water  in  the  funfhine. 

In  refpiration  as  well  as  in  combuftion  fome  light  may  poffibly  be 
given  out  as  well  as  fome  heat  from  the  combination  of  oxygen  with 
fome  phlogiftic  bafe,  as  carbon  or  phofphorus  ; whence  the  produc- 
tion of  carbonic  and  phofphoric  acids  in  both  animal  and  vegetable 
refpiration.  In  moft  animals  this  quantity  of  light  is  probably  too 
fmall  to  be  perceived,  if  their  bodies  were  tranfparent ; but  in  the 
glow-worm  of  this  country,  and  in  the  more  luminous  fire-flies  of 
the  tropical  climates,  I fufpeCt  the  light  to  be  emitted  from  their 
lungs  in  the  adt  of  refpiration,  which  is  a flow  combuftion. 

8.  Befides  the  ufe  of  oxygen  in  the  refpiration  of  vegetables, 
when  applied  to  their  leaves,  as  it  is  mixed  in  the  atmofphere;  it  is 
believed  by  many  to  contribute  much  to  their  growth  and  nourifh- 
-ment  in  its  combined  ftate,  when  abforbed  by  their  roots  ; and  that 
by  the  decompofition  of  water  in  the  vegetable  fyftem,  when  the  hy- 
drogen unites  with  carbon  and  produces  oil,  the  oxygen  becomes  fu- 
perfluous,  and  is  in  part  exhaled,  as  further  fpoken  of  in  Sedt.  XIII. 
1.  2.  Hence  alfo  fome  calciform  ores,  or  metallic  oxydes,  as  raddle, 
and  calamine,  and  burnt  clay,  are  fuppofed  to  be  ufeful  as  manures, 
becaufe  they  contain  much  oxygen,  as  mentioned  in  No.  7.  1.  of 
this  Sedtion. 
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Mr.  Humboldt  afferts,  that  on  putting  creffes,  lepidium  fativum, 
into  oxygenated  muriatic  acid  gas  mixed  with  water,  they  produced 
germs  in  fix  hours;  while  thofe  in  common  water  were  thirty-fix 
hours  before  they  produced  germs.  Jacquin  at  Vienna  put  many  old 
feeds,  which  had  been  in  vain  tried  if  they  would  vegetate,  into  fuch 
a folution  of  oxygenated  muriatic  acid,  and  found  great  numbers  of 
them  quickly  to  vegetate.  Journal  de  Phyfique,  1798.  See  S e£t.  XIV. 


2-  5- 

In  the  experiments  of  fir  Francis  Ford  many  plants,  which  were 
fprinkled  with  water  previoufly  impregnated  with  oxygen  gas,  are 
faid  to  have  grown  more  vigoroufly,  and  to  have  difplayed  more 
beautiful  tints,  than  thofe  nourifhed  with  common  water.  Other  ex- 
periments are  faid  to  have  been  made  by  inverting  bottles  filled  with 
oxygen  gas,  and  burying  their  open  mouths  beneath  the  foil  near 
the  roots  of  vegetables,  which  are  faid  to  have  grown  more  healthy 
and  beautiful,  as  the  oxygen  became  abforbed,  and  was  fucceeded  by 
air  like  the  common  atmofphere.  Philof.  Magaz.  1 798,  p.  224.  Fur- 
ther experiments  are  required  on  this  fubjeCt,  fince  the  fluids  of  ve- 
getables would  in  general  appear  to  be  hyperoxygenated  from  the 
oxygen  emitted  from  the  perfpiration  of  their  leaves  in  the  funfhine, 
and  which  is  believed  to  arife  from  the  decompofition  of  water  in 
their  arteries  or  glands. 

9.  We  now  come  to  the  other  ingredient,  which  conftitutes  a 
much  greater  part  of  the  atmofphere  than  the  oxygen,  and  this  is 
the  azote,  or  nitrogen  ; which  alfo  feems  much  to  contribute  to  the 
food  or  fuftenance  of  vegetables  ; for  though  azote,  or  nitrogen,  en- 
ters into  animal  bodies  in  much  greater  quantities  perhaps  than  into 
vegetables,  fo  as  to  conflitute  according  to  fome  chemical  philofo- 
phers  the  principal  difference  between  thefe  two  great  clafies  of  or- 
ganized nature ; yet  it  enters  alfo  into  the  vegetable  fyftem,  and  is 
given  out  by  their  putrefaction  ; and  alfo  when  lime  is  applied  to  moifi: 
vegetables  it  difengages  from  them  both  hydrogen  and  azote  forming 
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volatile  alkali,  as  aflerted  in  the  ingenious  work  of  Lord  Dundonald 
on  the  Connexion  of  Agriculture  with  Chemiftry. 

The  azote  of  the  atmofphere,  when  air  is  confined  in  the  inter- 
Rices  of  the  foil  newly  turned  over  by  the  plough  or  fpade,  contributes 
to  the  production  of  the  nitrous  acid  by  its  union  with  the  oxygen  of 
the  atmofphere,  with  which  it  was  before  only  diffufed,  or  with  the 
much  greater  fource  of  oxygen  from  the  decompofing  water  of  the 
foil.  At  the  fame  time  another  part  of  the  abundant  azote  combines 
with  the  hydrogen  of  the  decompofing  water  of  the  foil,  and  produces 
ammonia  or  volatile  alkali;  which  contributes  to  the  growth  of  ve- 
getables many  ways,  as  already  defcribed  in  No.  2.  6.  of  this  Sec- 
tion. 


III.  WATER. 


1 . The  neceflity  of  much  water  in  the  progrefs  of  vegetation  ap- 
pears from  the  great  quantity,  which  exifts  naturally  in  all  parts  of 
plants  ; infomuch  that  many  roots,  as  fquiil  and  rhubarb,  are  known 
to  lofe  about  fix  parts  out  of  feven  of  their  original  weight  fimply  by 
drying  them  before  the  fire;  which  quantity  of  moifture  neverthelefs 
does  not  exhale  in  the  common  heat  of  the  atmofphere  during  the 
life  of  the  root ; as  is  feen  in  the  growth  of  fquills  in  the  fhops  of  the 
druggifts,  and  of  onions  on  the  floors  of  our  ftore-rooms. 

2.  A fecond  neceffity  of  much  water  in  the  economy  of  vegetation 
may  be  deduced  from  the  great  perforation  of  plants,  which  appears 
from  the  experiments  of  Hales  and  others  ; who  like  SanCtorius  have 
eflimated  the  quantity  of  their  perfpiration  from  their  daily  lofs  of 
weight;  which  however  is  not  an  accurate  conclufion  either  in  re- 
fpedt  to  plants  or  animals,  as  they  both  abforb  moiflure  from  the  at- 
mofphere, as  well  as  perfpire  it. 

This  great  perfpiration  of  vegetables,  like  that  from  the  fkin  and 
lungs  of  animals,  does  not  appear  to  confift  of  excrementitious  mat- 
ter, becaufe  it  has  in  general  no  putrefcent  fraell  or  tafte ; but  feems 
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to  be  fecreted  firft  for  the  purpofe  of  keeping  the  external  furface  of 
the  leaves  from  becoming  dry,  which  would  prevent  the  oxygen  of 
the  atmofphere  from  entering  into  the  vegetable  blood  through  them  ; 
fince  according  to  the  experiments  of  Dr.  Prieftley  on  animal  mem- 
branes the  oxygen  will  only  pafs  through  them,  when  they  are  moift. 
A fecond  ufe  of  this  great  perfpiration  is  to  keep  the  bark  fupple  by 
its  moifture,  and  thus  to  prevent  its  being  cracked  by  the  motion  of 
the  branches  in  the  wind.  And  though  a great  part  of  this  perfpi- 
rable  matter  is  probably  abforbed,  as  on  the  Ikins  of  animals;  yet  as 
it  exifts  on  fo  large  a furface  of  leaves  and  twigs,  much  of  it  rauft 
neceflarily  evaporate  on  dry  and  windy  days. 

3.  One  of  the  great  difcoveries  of  modern  chemiftry  is  the  decom- 
pofition of  water,  which  is  (hewn  both  by  analyfis  and  fynthefis  to 
confift  of  eighty-five  hundredth  parts  of  oxygen,  and  fifteen  of  hy- 
drogen. Hence  a third  great  ufe  of  water  in  the  vegetable  economy 
is  probably  owing  to  its  ready  decompofition  by  their  organs  of  di- 
geflion,  fanguification,  and  fecretion.  This  is  evinced  firft  by  the 
great  quantity  of  hydrogen,  which  exifts  in  the  compofition  of  many 
of  their  inflammable  parts.  And  fecondly,  from  the  curious  circum- 
ftance,  which  was  firft  difcovered  by  the  ingenious  Dr.  Prieftley,  that 
the  water,  which  they  perfpire,  is  hyperoxygenated  ; and  in  confe- 
quence  always  ready  to  part  with  its  fuperabundance  of  oxygen, when 
expofed  to  the  fun’s  light  ; from  whence  it  may  be  concluded,  that 
part  of  the  hydrogen,  which  was  previoufly  an  ingredient  of  this  wa- 
ter, had  been  feparated  from  it,  and  ufed  in  the  vegetable  economy, 
as  is  further  treated  of  in  Se&ion  XIII.  1.2. 

Add  to  this,  that  from  the  decompofition  of  water,  when  confined 
in  contafl  with  air  beneath  the  foil,  the  nitrous  acid  feems  to  be  pro- 
duced and  ammonia,  both  which  are  believed  ufeful  to  vegetation,  as 
mentioned  in  No.  2.  6.  of  this  Section. 

4.  Befides  the  peculiar  ufes  of  a great  quantity  of  water,  as  above 
defcribed,  the  more  common  ufes  of  it  both  to  vegetable  and  animal 
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life,  along  with  the  matter  of  heat,  are  to  produce  or  preferve  a due 
fupplenefs  or  lubricity  of  the  folids,  and  a due  degree  of  fluidity  of 
the  liquids,  which  they  contain  or  circulate.  And  laftly,  for  the  pur- 
pofe  of  difl’olving  or  difFufing  in  it  other  folid  or  fluid  fubftances,  and 
thus  rendering  them  capable  of  abforption,  circulation,  and  fecre- 
tion. 

5.  The  due  irrigation  of  the  foil  is  much  attended  to  in  drier  and 
warmer  countries,  as  in  Italy,  Egypt,  and  fome  parts  of  China  ; 
where  numerous  canals,  and  aquedudts,  have  been  dug  through  hills, 
and  carried  over  vallies,  for  the  purpofe  of  watering  the  foil ; and 
even  in  this  colder  and  moifter  climate  the  pradtice  of  flooding  land 
is  coming  daily  into  greater  repute.  For  this  occafional  fuffufion  of 
water  over  land  not  only  fupplies  Ample  moifture  for  the  purpofes 
above  mentioned  in  the  drier  parts  of  the  feafons,  but  brings  along 
with  it  calcareous  earth  and  azotic  air  from  the  neighbouring  fprings, 
or  other  manures  from  the  rivers.  Calcareous  earth  may  be  detedted 
in  the  water  of  all  thofe  fprings  which  pafs  under  or  over  ftrata  of 
marie  or  limeftone,  by  dropping  into  them  a folution  of  fait  of  tartar ; 
or  of  fugar  of  lead  in  water,  or  of  foap  in  fpirits  of  wine  ; and  a por- 
tion of  azotic  gas  was  difcovered  in  Bath-water  by  Dr.  Prieftley,  and 
in  Buxton- water  by  Dr.  Pierfon.  See  Sedtion  XI.  3.  1.  Dr.  Home 
thinks  he  difcovered  nitrat  of  lime  in  hard  water,  and  found  by  his 
experiments  that  it  promoted  the  growth  of  plants  in  a much  greater 
degree  than  foft  water. 

6.  Another  demand  for  water  in  agriculture  is  to  give  a due  pene- 
trability to  the  foil,  which  otherwife  in  mod  fituations  becomes  fo 
hard  as  to  flop  the  elongation  of  the  tender  roots  of  plants  ; but  the 
cohefion  of  the  foil  may  neverthelefs  be  too  much  diminifhed  by  great 
and  perpetual  moifture,  fo  as  not  to  give  fufficient  firmnefs  to  the 
roots  of  trees.  And  befides  this  too  much  as  well  as  too  little  water 
may  be  fupplied  to  the  generality  of  vegetables,  which  grow  upon 
the  land  ; though  there  are  aquatic  and  amphibious  plants  as  well  as 
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aquatic  and  amphibious  animals,  and  which  differ  from  each  other  as 
fifh  and  feals  from  quadrupeds. 

Where  land  abounds  too  much  with  moifture,  the  art  of  making 
fubterraneous  or  fuperficial  drains  defcribed  in  Se£h  XI.  1.  muft  be 
had  recourfe  to.  But  where  thefe  are  not  executed,  in  lands  not  very 
moift  it  is  thought  advantageous  to  fow  the  crops  early  before  the  wet 
feafon,  fince  corn  will  bear  much  more  moifture  after  it  has  fhot  from 
the  feed,  than  the  feed  will  bear  ; as  the  feed  is  lefs  tenacious  of  life, 
and  in  confequence  more  liable  to  putrify.  The  crops  fhould  like- 
wife  befown  or  planted  thinner,  and  be  reaped  early  in  the  feafon,  as 
the  exclufion  of  the  air  by  thick  foliage,  and  the  greater  dampnefs  of 
the  autumn,  are  liable  to  generate  mildew  in  moift  fituations.  Per- 
haps it  fhould  be  added,  that  fowing  early,  and  the  confequent  reap- 
ing early,  has  fo  many  advantages  in  all  feafons  on  all  lands,  that  it 
may  in  general  be  univerfally  recommended  ; and  that  in  wet  lands 
it  might  be  very  advantageous  to  cultivate  crops  by  tranfplantation 
in  the  vernal  months,  having  previoufly  fowed  the  feed  in  drier  or 
warmer  fituations.  See  Se6l.  XVI.  8.  1. 

7.  Another  injury  in  this  climate  occafioned  by  too  great  a quan- 
tity of  water  arifes  from  hafty  fhowers ; which  wafh  off  much  of 
the  decompoftng  animal  and  vegetable  recrements,  which  are  foluble 
or  diffufible  in  water,  and  carry  them  down  the  rivers  into  the  fea. 
From  the  tides  of  hills  this  damage  is  accomplifhed  by  fmall  fhowers, 
on  which  account  all  floping  grounds  when  applied  to  agriculture 
fhould  be  ploughed  horizontally,  as  by  the  ridges  and  furrows  thus 
produced  the  fmaller  fhowers  of  rain  will  not  pafs  fo  haftily  off,  as 
when  they  are  ploughed  vertically. 

A queftion  here  occurs,  whether  it  be  advantageous  to  plough  level 
plains  into  ridges  and  furrows  ? the  Chinefe  are  faid  never  to  divide 
their  fields  into  ridges  and  furrows,  but  to  plant  their  grain  on  an 
even  furface.  Embafly  to  China  by  fir  G.  Staunton,  Vol.  III.  p.  197, 
8vo.  edit.  Some  think  it  an  error  to  fuppofe,  that  any  increafe  of 
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crop  can  be  thus  obtained,  as  no  more  plants  can  rife  perpendicularly 
from  the  ground;  but  in  the  ripening  of  grain  the  furface  of  air  to 
which  the  ears  are  expofed  is  alfo  to  be  confidered  ; which  corref- 
ponds  with  the  furface  of  the  ground,  and  is  increafed  by  its  being 
laid  in  hill  and  dale.  But  there  is  a ferious  objection  to  this  mode  of 
ploughing  in  moift  filiations  without  fufficient  declivity,  as  the  corn 
in  the  furrows  appears  weak  and  backward  owing  to  the  rain  lying 
on  it  too  long  ; and  alfo  to  the  beft  part  of  (hallow  foils  being  fre- 
quently taken  from  them  to  conftrudt  the  ridges.  See  Sedt.  XVI. 
2.  2. 

8.  Add  to  this,  that  the  evaporation  of  moifture  from  the  furface 
of  the  earth  produces  fo  much  cold  as  to  injure  thofe  terreftrial  plants, 
which  are  too  long  covered  with  it.  On  this  account  thofe  parts  of 
wall-trees,  which  are  (heltered  from  the  defcending  dews  by  a coping 
Rone  on  the  wall,  are  not  fo  liable  to  be  injured  by  frofty  nights  on 
two  accounts  ; both  as  they  are  not  made  colder  by  the  evaporation 
of  the  dew,  and  alfo  have  lefs  water  to  be  congealed  in  their  veflels, 
and  by  its  expanfion  to  burft  them. 

9.  Laftly,  the  foliage  on  buds  of  plants,  which  conftitute  one  part 
of  their  progeny,  requires  more  moifture  for  its  vigorous  growth,  than 
their  flowers  or  organs  of  fexual  generation.  Hence  in  warm  coun- 
tries the  rice-grounds  are  flooded  only  till  the  feafon  of  flowering 
commences,  and  are  laid  dry  again  for  the  purpofe  of  maturating  the 
feed  ; and  in  our  climate  continued  rains  are  liable  not  only  to  wa(h 
off  the  farina  from  the  burfting  anthers,  and  thus  prevent  the  im- 
pregnation of  the  piftillum,  but  alfo  to  delay  the  ripening  of  the.  fruit 
or  feeds  from  the  want  of  a due  evaporation  of  their  perfpirable  mat- 
ter, as  well  as  from  the  lefs  folar  light  in  cloudy  feafons ; whence  in 
the  north  of  Scotland  the  oats  are  faid  feldom  to  ripen  till  the  frofl: 
commences  with  the  dry  feafon,  which  accompanies  it. 

10.  There  are  methods  of  procuring  or  preferving  the  falutary 
moifture  of  the  foil  befides  thofe  of  canals  and  aqueducts,  which 
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fhould  be  here  mentioned.  Thefe  are  by  ufing  as  manures  fuch  fub- 
Rances  as  perpetually  attrad  moiRure  from  the  lower  part  of  the  foil, 
or  from  the  atmolphere  ; as  quick-lime,  and  vegetable  and  animal 
recrements  in  the  ad  of  putrefadion. 

In  hot-houfes  fome  have  already  employed  Ream  as  a means  both 
of  giving  warmth  and  moiflure  to  the  included  plants,  or  to  the  foil 
in  which  they  gro  w ; and  a great  variety  of  forcing  pumps  have  been 
contlruded  for  the  purpofe  of  moiRening  the  foliage  of  wail-trees; 
but  there  is  a hope  from  the  prefent  great  progrefs  of  chemical  re- 
fearch,  that  a means  may  fometime  be  difovered  of  precipitating  the 
water  of  the  atmolphere,  which  the  ingenious  bilhop  Watfon  thinks 
always  exiRs  in  it  m iuch  quantity  as,  if  it  was  fuddenly  precipitated, 
might  again  deluge  the  world. 


IV.  CARBON. 

1.  When  animal  and  vegetable  bodies  are  burnt  without  the  accefs 
of  air,  that  is,  when  their  volatile  parts  are  fublimed  ; there  remains 
a great  quantity  of  charcoal,  a much  greater  in  vegetable  bodies  than 
in  animal  ones  ; this  is  termed  carbon  by  the  French  fchool,  when 
it  is  quite  pure;  and  is  now  known  to  be  one  of  the  moR  univerfal 
materials  of  nature.  And  as  vegetable  bodies  contain  fo  much  of  it 
in  their  compofition,  they  may  be  fuppoled  to  ablorb  it  intire,  where 
they  grow  vigoroufly  ; efpecially  as  it  is  a fimple  material ; but  they 
may  pollibly  form  it  alfo  occafionally  from  water  and  air  within 
their  own  veffels,  when  they  are  fecluded  from  accefs  to  it  exter- 
nally. 

The  whole  atmofphere  contains  always  a quantity  of  it  in  the  form 
of  carbonic  acid,  or  fixed  air  ; as  is  known  by  the  fcum,  w'hich  pre- 
fently  becomes  vifible  on  lime-water,  when  expoled  to  the  air;  and 
which  confiRs  of  a reunion  of  the  lime  with  carbonic  acid  ; wdiich 
may  therefore  be  faid  to  encompafs  the  earth. 
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The  fimplicity  of  carbon,  as  an  elementary  fubflance,  was  difputed 
by  Dr.  Auflin,  who  believed  he  had  decompounded  it.  But  Mr. 
Henry,  by  accurately  repeating  his  experiments,  has  (hewn  the  fal- 
lacy or  inconclufivenefs  of  them.  Philof.  Tranfadt.  179 7. 

2.  Another  great  refervoir  of  carbon  exifts  in  limeftone  in  the  form 
of  carbonic  acid  ; which  when  a flronger  acid  is  poured  on  the  cal- 
careous earth  becomes  a gas,  acquiring  its  neceffary  addition  of  heat 
from  that,  which  is  given  out  in  the  combination  of  the  flronger  acid 
with  the  lime.  It  alfo  acquires  its  neceffary  heat,  when  limeftone  is 
burnt,  from  the  confuming  fuel,  rifes  in  the  form  of  gas,  and  is  dif- 
lipated  in  the  air ; and  probably  i'oon  fettles  on  the  earth,  as  it  cools, 
as  it  is  ten  times  heavier  than  the  common  atmofphere. 

3.  But  the  great  fource  of  carbon  exifls  in  the  black  earth,  which 
has  lately  been  left  by  the  decompofition  of  vegetable  and  animal  bo- 
dies ; and  is  then  in  a ftate  fit  to  combine  with  azote  or  nitrogen, 
and  with  oxygen,  when  expofed  to  thofe  two  gaffes,  as  they  exift 
in  the  atmofphere  ; and  is  thus  adapted  either  to  promote  the  gene- 
ration of  nitrous  acid,  or  to  form  carbonic  acid,  and  thus  to  affift 
vegetation. 

Moraffes  confift  principally  of  the  carbonic  recrements  of  vegeta- 
ble matters,  which  are  gradually  decompofed  in  great  length  of  time 
into  clay,  with  argillaceous  fand,  fuch  as  is  found  over  coal-beds,  and 
fome  calcareous  earth,  as  in  marl ; and  laflly,  with  fome  iron,  and 
foflile  coal.  Thefe  by  elutriation  are  feparated  from  each  other,  and 
form  the  flrata  of  coal  countries.  In  other  places  they  remain  in- 
termixed, as  they  were  probably  produced  from  the  decompofition  of 
vegetables  and  terreilrial  animals;  and  form  what  in  books  of  prac- 
tical agriculture  is  called  a loamy  foil,  confifting  of  carbonic  matter, 
fand,  and  clay,  with  a portion  of  iron. 

It  has  always  been  obferved,  that  this  black  garden  mould,  or  earth 
produced  from  the  recrements  of  vegetables,  is  capable  of  abforbing  a 
much  greater  quantity  of  putrid  effluvia  than  either  air  or  water,  and 
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probably  of  combining  with  its  ammonia,  and  producing  a kind  of  he- 
par  carbonis,  and  thus  facilitating  vegetation.  The  pradtice  of  bu- 
rying  dead  bodies  fo  few  feet  below  the  furface  is  a proof  of  this ; as 
the  putrid  exhalations  from  the  carcafs  are  retained,  and  do  not  pene- 
trate to  the  furface.  On  the  fame  account  the  air  over  new  plough- 
ed fields  has  long  been  efteemed  falutary  to  invalids,  or  convalef- 
cents,  as  it  probably  purifies  the  fupernatent  atmofphere.  But  it  was 
not  till  lately  known  that  carbon,  or  charcoal,  abforbs  with  fuch 
great  avidity  all  putrid  exhalations  ; if  it  has  been  recently  burnt, 
and  has  not  been  already  faturated  with  them,  infomuch  that  putrid 
flefh  is  faid  to  be  much  fweetened  by  being  covered  a few  inches  with 
the  powder  of  charcoal ; or  even  by  being  buried  for  a time  in  black 
garden  mould  ; as  putrid  exhalations  conliffc  chiefly  of  ammonia,  hy- 
drogen, and  carbonic  acid,  and  are  the  immediate  produds  of  the 
diifolution  of  animal  or  vegetable  bodies,  they  are  believed  much  to 
contribute  to  vegetation  ; as  whatever  materials  have  conftituted  an 
organic  body,  may  again  after  a certain  degree  of  difiblution  form  a 
part  of  another  organic  body.  The  hydrogen  and  azote  produce  am- 
monia, which  combining  with  carbon  may  form  an  hepar  carbonis, 
and  by  thus  rendering  carbon  foluble  in  water  may  much  contri- 
bute to  the  growth  of  vegetables. 

It  has  been  faid,  that  fotne  morafles  have  prevented  the  animal  bo- 
dies, which  have  been  buried  in  them,  from  putrefadlion  ; which  may- 
in  part  have  been  owing  to  the  great  attraction  of  the  carbon  of  the 
morafs  to  putrid  effluvia,  and  in  part  perhaps  to  the  vitriolic  acid, 
which  fome  morafles  are  faid  to  contain. 

4.  Here  occurs  an  important  queftion,  by  what  other  means  is 
this  folid  carbon  rendered  fluid,  fo  as  to  be  capable  of  entering  the 
fine  mouths  of  vegetable  abforbents  ? The  carbon,  which  exifts  in 
the  atmofphere,  and  in  limeftone,  is  united  with  oxygen,  and  thence 
becomes  foluble  or  diffufible  in  water ; and  may  thus  be  abforbed  by 
the  living  adtion  of  vegetable  veflels  ; or  may  be  again  combined  by 
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chemical  attraction  with  the  lime,  which  has  been  deprived  of  it  by 
calcination. 

When  mild  calcareous  earth,  as  limeftone,  chalk,  marble,  has  been 
deprived  of  its  water  and  of  its  carbonic  acid  by  calcination,  it  be- 
comes lime.  Afterwards  when  it  is  cold,  if  water  be  lprmkled  on 
it,  a confiderable  heat  is  inftantly  perceived;  which  is  piefled  out 
by  the  combination  of  a part  of  the  water  with  the  lime  ; as  all  bo- 
dies, when  they  change  from  a fluid  Rate  to  a folid  one,  give  out 
the  heat,  which  before  kept  them  fluid.  At  the  fame  time  another 
part  of  the  water,  W'hich  was  added,  is  raifed  into  fteam  by  the  great 
heat  given  out  as  above  mentioned  ; and  the  expanflon  of  this  Ream 
breaks  the  lime  into  fine  powder,  which  otherwile  retains  the  form 
of  the  lumps  of  limeftone  before  calcination.  But  if  too  great  a quan- 
tity of  cold  water  be  fuddenly  added,  no  fteam  is  railed  ; and  the 
lump  of  lime  retains  its  form  ; whence  it  happens,  that  fome  kinds 
of  lime  fall  into  finer  powder,  and  are  faid  to  make  better  mortar,  if 
Raked  with  boiling  water  than  with  cold. 

On  this  accountThe  lime,  which  is  defigned  to  be  fpread  on  land, 
fhould  previoufly  be  laid  on  a heap,  and  either  buffered  to  become  moift 
by  the  water  of  the  atmofphere,  or  flaked  by  a proper  quantity  of 
water  ; otherwife  if  it  be  fpread  on  wet  ground,  or  when  fo  fpread 
is  expofed  to  much  rain,  the  heat  generated  will  be  diflipated  with- 
out breaking  the  lumps  of  lime  into  powder;  which  will  then  gra- 
dually harden  again  into  limeftone,  dilappoint  the  expectation  of  the 
aoricultor,  and  afflidt  him  with  the  lofs  of  much  labour  and  ex- 
pence. 

When  the  powder  of  flaked  lime  mixed  with  fand  and  water  is 
fpread  on  a wall,  that  part  of  the  water  which  is  not  neceftary  for  its 
imperfect  cryftallization,  evaporates  into  the  air  ; and  the  lime  then 
gradually  attradls  the  carbonic  acid,  which  is  diftuled  in  the  atmo- 
fphere ; but  as  I fuppofe  this  carbonic  acid  is  dilfolved  in  the  water, 
which  is  alfo  diftufed  in  the  atmofphere.;  the  lime  is  perpetually 
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moistened  by  this  new  acquisition  of  water  from  the  air  ; as  that, 
which  before  adhered  to  it,  and  had  parted  with  its  carbonic  acid,  eva- 
porates. On  which  account  new  built  walls  are  months,  and  even 
years,  in  drying,  as  they  continue  to  attract  water  along  with  the 
carbonic  acid  from  the  air,  which  {lands  upon  them  in  drops,  till  the 
lime  regains  its  original  quantity  of  carbonic  acid,  and  again  hardens 
into  Stone,  or  forms  a fpar  by  its  more  perfect!  or  lets  disturbed  crys- 
tallization. 

5.  The  earth  I fuppofe  acquires  carbon,  both  in  a manner  fimilar 
to  the  above  by  its  attracting  either  the  carbonic  acid,  or  the  water 
in  which  it  is  difFufed,  from  the  atmofphere ; and  alfo  by  the  Specific 
gravity  of  carbonic  acid  gas  being  ten  times  greater  than  that  of 
common  air;  whence  there  mult  be  conftantly  a great  fediment  of 
it  on  the  Surface  of  the  earth  ; which  in  its  State  of  folution  in  oxveen 

J O 

and  water  may  be  readily  drank  up  by  the  roots  of  vegetables. 

6.  Another  means  by  which  vegetables  acquire  carbon  in  great 
quantity  may  be  from  limeftone  diSTolved  in  water;  which  though  a 
Slow  procefs  occurs  in  innumerable  Springs  of  water,  which  pafs 
through  the  calcareous  or  marly  Strata  of  the  earth  ; as  thofe  of  Mat- 
lock  and  Bristol  in  paffing  through  limeftone  ; and  thoS'e  about  Derby 
in  palling  through  marl  ; and  is  brought  to  the  roots  of  vegetables  by 
the  Showers,  which  fall  on  foils,  where  marl,  chalk,  limeStone,  mar- 
ble, alabafter,  fluor,  exift;  which  includes  almolt  the  whole  of  this 
ifland.  By  this  folution  of  mild  calcareous  earth  in  water  not  only 
the  carbon  in  the  form  of  carbonic  acid  not  yet  made  into  gas,  but 
the  lime  alfo,  with  which  it  is  united,  becomes  ablorbed  into  the  ve- 
getable fyftem,  and  thus  contributes  to  the  nutriment  of  plants  both 
as  fo  much  calcareous  earth,  and  as  fo  much  carbon. 

7.  Another  mode  by  which  vegetables  acquire  carbon,  may  be  by 
the  union  of  this  Simple  SubStance,  with  which  all  garden-mould 
abounds,  with  pure  calcareous  earth  into  a kind  of  hepar,  analogous 
to  the  hepar  of  fulphur  made  with  lime,  which  abounds  in  Some  mi- 
neral 


MANURES. 


206 


Sect.  X.  4.  8. 


neral  waters.  And  this  I fuppofe  to  be  the  great  ufe  of  lime  in  agri- 
culture. 

For  the  purpofe  of  afcertaining  the  probability  of  this  mode  of  fo- 
lution  of  carbon  I made  the  following  experiment.  About  two 
ounces  of  lime  in  powder  were  mixed  with  about  as  much  charcoal 
in  powder,  put  into  a crucible,  and  covered  with  an  inch  or  two  of 
filiceous  fand.  The  crucible  was  kept  red  hot  for  an  hour  or  longer, 
and  then  fuffered  to  cool.  On  the  next  day  water  was  poured  on  the 
lime  and  charcoal,  which  then  flood  a day  or  two  in  an  open  cup, 
and  acquired  a calcareous  fcum  on  its  furface.  And  though  it  had 
not  much  tafle,  except  of  the  cauflicity  of  the  lime,  yet  on  dropping 
one  drop  of  marine  acid  into  a tea-fpoonful  of  the  clear  folution  a 
flrong  fmell  like  that  of  hepar  fulphuris  was  perceived,  or  like  that 
of  Harrogate  water;  which  evinced,  that  the  carbon  was  thus  ren- 
dered foluble  in  water. 

Perhaps  the  fulphureous  fmell  of  Harrogate  and  Kedleflon  waters, 
and  other  fimilar  fprings,  may  be  owing  to  the  union  of  the  alkali 
of  decompofing  marine  fait  with  the  carbon  of  the  earth,  they  run 
through  ? and  this  kind  of  water  might  thus  pofiibly  be  ufed  as  a 
profitable  manure  ? 

8.  Another  mode  by  which  vegetable  roots  acquire  carbon,  I fuf- 
pe£t  to  be  by  their  difuniting  carbonic  acid  from  limeflone  in  its  fluid 
not  its  gaffeous  flate ; which  the  limeflone  again  attra&s  from  the 
atmofphere  and  confolidates,  or  from  other  matters  included  in  the 
foil.  Firft,  becaufe  lime  is  believed  by  fome  agricultors,  who  much 
employ  it,  to  do  more  fervice  in  the  fecond  year  than  in  the  firft ; 
that  is  in  its  mild  flate,  when  it  abounds  with  carbonic  acid,  than  in 
its  cauftic  flate,  when  it  is  deprived  of  it. 

Secondly,  that  the  ufe  of  burning  lime  feems  hence  to  be  Amply 
to  reduce  it  to  an  impalpable  powder,  almofl  approaching  to  fluidity; 
which  muft  facilitate  the  application  of  the  innumerable  extremities 
of  vegetable  fibres  t©  this  uncalculable  increafe  of  its  furface  ; which 
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may  thence  acquire  by  their  abforbent  power  the  carbonic  acid  from 
thefe  minute  particles  of  lime,  as  fafl  as  they  can  recover  it  by  che- 
mical attraction  from  the  air,  or  water,  or  from  other  inanimate 
fubflances  in  their  vicinity. 

Thirdly,  the  hyper-oxygenation  of  the  perfpirable  matter  of  plants, 
which  thence  gives  up  oxygen  gas  in  the  funfhine,  would  induce  us 
to  believe,  that  a great  part  of  the  carbon,  which  furmfhes  fo  prin- 
cipal a part  of  vegetable  nutriment,  was  received  by  their  roots  in  the 
form  of  carbonic  acid  ; and  that  it  becomes  in  part  decompofed  in 
their  circulation,  giving  up  its  oxygen  ; which  thus  abounds  in  the 
fecreted  fluids  of  vegetables  from  this  fource,  as  well  as  from  decom- 
pofed water. 

9.  Another  way  by  which  carbon  is  received  into  the  vegetable 
lyftem  is  by  its  exiftence  in  fugar  and  in  mucilage  ; both  which  are 
taken  up  undecompounded,  as  appears  by  their  prefence  in  the  vernal 
fap-juice,  which  is  obtained  from  the  maple  and  the  birch  ; which 
like  the  chyle  of  animals,  is  abforbed  in  its  undecompounded.  Rate. 


v.  PHOSPHORUS. 

1.  Another  material  which  exifts,  I believe,  univerlally  in  vegeta- 
bles, and  has  not  yet  been  fufficiently  attended  to,  is  phofphorus.. 
This  like  the  carbon,  nitrogen,  hydrogen,  and  fulphur,  is  probably 
a Ample  fubftance ; as  our  prefent  chemiftry  has  not  yet  certainly 
analyfed  any  of  them  ; and  therefore  I fuppofe  it  is  taken  up  intire 
by  the  abforbent  veflels  of  vegetables,  when  it  can  be  met  with  in  a 
flate  of  folution  ; though  it  may  alfo  be  occaflonally  formed  and  fe- 
creted by  them;  and  may  hence  be  regiftered  among  the  articles  of 
their  food  or  fuftenance. 

When  wood  is  decompofed  by  putrefaction  in  a certain  degree  of 
warmth  and  moifture,  it  is  often  feen  to  emit  much  light  in  dark 
evenings,,  when  recently  broken  and  expofed  to  the  oxygen  of  the 

atmofphere,,. 


2o8 


MANURES. 


Sect.  X.  5.  2. 

atmofphere,  fo  as  to  alarm  benighted  paflengers;  which  is  undoubt- 
edly owing  to  the  phofphorus,  which  it  contains,  and  which  is  at  this 
time  converted  into  phofphoric  acid.  Such  a light  frequently  is  feen 
on  putrefcent  veal,  when  kept  in  a certain  degree  of  warmth  and 
moifture  ; and  on  the  fea-weed  placed  on  the  ovflers  packed  in  bar- 
rels, and  fent  into  the  country  ; and  in  the  ftreets  of  Edinburgh, 
where  the  heads  of  the  fifh  called  whitings  or  haddies  are  frequently 
thrown  out  by  the  people,  I have  on  a dark  night  eafily  feen  the  hour 
by  holding  one  of  them  to  my  watch. 

2.  The  exigence  of  phofphorus  in  vegetables  was  detected  by 
Margraaf ; who  found,  that  many  vegetable  matters,  particularly  fa- 
rinaceous grains,  contain  enough  of  the  phofphoric  acid  to  produce 
phofphorus,  when  they  are  expofed  to  great  heat  in  dole  velfels. 
Macquer’s  Chemical  Dictionary  tranflated  by  Mr.  Keir,  Yol.  II. 
p.  535,  Art.  Phofphorus.  Phoiphorus  has  been  deteifled  in  gum 
arabic,  fugar,  honey,,  flour,  and  in  every  kind  of  vegetable  or  ani- 
mal fubflance  by  the  procefs  of  making  the  phofphorus  of  Homberg. 
And  the  exiftence  of  phoiphorus  in  greater  quantity  in  all  the  parts 
and  recrements  of  animals,  as  in  their  flefh,  dung,  urine,  and  bone- 
afhes,  and  moft  copioufly  in  the  two  latter,  is  evinced  in  the  fabrica- 
tion of  Kunkel’s  phofphorus.  Whence  its  univerfal  exiftence  is  dis- 
covered in  thefe  two  great  kingdoms  of  nature.  See  the  above  Diet. 
Art.  Pyrophorus. 

The  moft  eafy  procefs  for  producing  Homberg’s  phofphorus  con- 
flfls  in  mixing  three  parts  of  alum  with  one  of  fugar,  which  are  to  be 
expofed  to  a great  heat  in  a covered  crucible,  till  a bluifh  flame  has 
appeared  for  fome  time.  It  mult  then  he  buffered  to  cool  a little,  and 
be  put  into  a dry  hot  bottle,  and  clofely  flopped  from  the  air.  A 
drachm  of  this  powder  will  afterwards,  when  poured  from  the  bottle 
into  the  open  air  on  paper,  quickly  kindle,  become  red  like  burning 
coals,  and  burn  the  paper,  which  it  lies  upon. 

Hence  we  may  conclude,  that  vegetable  bodies,  as  well  as  animal 
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ones,  contain  acid  of  phofphorus  ; and  that  in  this  experiment  the 
acid  of  the  alum  takes  the  fixed  alkaline  fait  from  the  vegetable- 
allies,  and  the  calcareous  earth,  if  fuch  there  be,  and  that  the  car- 
bon unites  with  the  oxygen  of  the  phofphoric  acid  ; and  the  vege- 
table phofphorus  is  left  mingled  with  the  earth  of  alum  ; exadtly  in 
the  fame  manner  as  the  animal  phofphorus  is  obtained  from  the  allies 
of  bones,  or  the  fait  of  urine,  by  calcining  them  in  clofe  veffels  with 
charcoal. 

3.  An  important  queftion  now  occurs;  if  this  fimple  material  of 
phofphorus  be  not  generally  made  in  the  veffels  of  vegetables,  whence 
do  they  acquire  it  ? They  may  probably  obtain  it  in  confiderable 
quantity  from  the  recrements  of  decaying  vegetable  and  animal  bo- 
dies ; as  it  appears  in  rotten  wood,  and  in  putrefying  fifih,  and  exifts 
in  fuch  large  quantities  in  bone-aflies,  and  in  the  fait  of  urine.  But 
I fuppofe  there  is  another  great  fou'rce  of  phofphorus,  I mean  in  cal- 
careous earth,  which  alfo  has  been  of  animal  origin  in  the  early  ages 
of  the  world. 

If  an  oyfter-fhell  be  calcined  for  about  half  an  hour  in  a common 
fire,  and  is  then  kept  from  the  air  in  a cold  place;  when  it  is  after- 
wards expofed  for  a while  to  the  funfhine,  and  brought  into  a dark 
room,  it  willappearluminous  like  the  calcined  Bolognian  ftone;  which 
is  owing  to  the  phofphoric  acid  thus  deprived  of  its  oxygen  by  the 
carbon  of  the  fire-coals,  and  intermingled  with  the  pure  calcareous 
earth  or  lime  of  the  fhell;  and  which  again  combining  with  the  oxy- 
gen of  the  air,  both  light  and  heat  are  emitted  in  the  reproduction  of 
phofphoric  acid.  See  Willon  on  Phofphori,  Dodfley,  London,  1 795. 

The  Bolognian  ftone  is  a felenite  or  gypfum,  which  confifts  of 
vitriolic  acid  and  calcareous  earth,  and  I fuppofe  of  acid  of  phofpho- 
rus ; fince  on  mixing  the  powder  of  this  ftone  with  gum  arabic,  and 
calcining  it  fome  time,  a kind  of  phofphorus  is  produced  fimilar  to  the 
above,  owing  I fuppofe  to  the  carbon  of  the  fire  coals,  or  of  the  gum 
arabic,  carrying  off  the  oxygen  from  the  phofphoric  acid  ; which  pre- 
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viouflv  exifled  both  in  the  calcareous  earth  of  the  fclenite,  and  in  the 
afhes  of  the  gum  arabic. 

Mr.  Canton,  in  the  Philof.  Tranfad.  Vol.  LV1II.  p.  337,  pub- 
■lifhed  his  making  a pyrophorus  by  calcining  oyfler-lhells,  and  then 
-mixing  them  reduced  to  powder  with  fulphur,  and  recalcining  them 
•in  dole  veffels.  This  powder  after  being  expofed  to  light,  or  heated 
by  other  means,  became  luminous  in  the  dark  for  many  minutes.  By 
this  procefs  the  acid  of  phofphorus  exifling  in  the  animal  {hell  had 
been  decompofed  by  the  red  hot  fulphur  having  robbed  it  of  its  oxy- 
gen ; and  thus  the  phofphorus  remained  united  with  the  calcareous 
-earth. 

M.  Du  Fay,  in  a memoir  publifhed  in  the  year  1730,  afferts  from 
experiments,  that  all  calcareous  Bones,  whether  they  contain  vitri- 
olic acid  or  not,  are  capable  of  becoming  luminous  by  calcination  ; 
-with  this  difference  only,  that  the  pure  calcareous  Bones  require  a 
Rronger  or  repeated  calcination  ; whereas  thofe,  which  contain  an  acid, 
as  felenites,  or  gypfum,  become  phofphoric  by  {lighter  calcination. 
M.  Margraaf  alfo  afferts,  that  all  kinds  of  calcareous  Bones  may  by 
calcination  be  rendered  phofphoric  ; but  thinks,  that  the  pure  ones 
fhould  be  previoufly  faturated  with  an  acid.  Keir’s  Di£t.  Art.  Phof- 
phorus. And  laBly,  fome  kinds  of  fluor,  which  is  known  to  confiR 
of  calcareous  earth  and  the  fluor-acid,  emit  phofphoric  light  on  being 
heated  flowly,  but  loofe  it,  when  much  ignited.  (Kirwan’s  Minera- 
logy.) This  material  might  probably  as  well  as  gypfum  become  ufe- 
ful  in  agriculture. 

4.  Thefe  experiments,  which  fhew  that  all  common  calcareous 
Bones,  which  contain  only  carbonic  acid,  were  rendered  phofphoric 
by  calcination  ; but  that  thofe  which  did  contain  a fixed  acid,  as  gyp- 
fum, and  fluor,  were  rendered  phofphoric  with  lefs  difficulty,  acquaint 
us  firR  with  perhaps  one  very  important  ufe  of  lime  in  agriculture. 
Secondly,  with  that  alfo  of  gypfum,  or  alabafler,  which  has  lately 
keen  ufed  in  America  and  in  Germany  without  previous  calcination  ; 
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but  which  might  probably  be  more  fuccefsful  after  calcination.  And 
thirdly,  with  the  probable  ufe  of  fluor  fpar  in  its  recent  or  calcined 
Rate.  As  there  is  reafon  to  believe,  that  the  vegetable  fyftem  may 
abforb  phofphorus  from  any  of  thefe  materials  ; which  phofphorus? 
may  originally  have  been  of  animal  origin,  as  well  as  that  which  ex~ 
ifts  in  feces  and  urine.  And  lafUy , the  ufe  of  recent  (hells  or  bones 
ground  into  powder,  or  of  bone-a(hes,  fpread  on  land  may  be  deduc- 
ed ; as  they  confift  almoft  entirely  of  phofphorus  and  calcareous 
earth. 

5.  In  the  converfion  of  (hells  into  limeftone  there  feems  to  have 
been  either  (imply  an  additional  quantity  of  carbonic  acid  attracted; 
from  the  air  or  from  water  during  the  proceflion  of  ages,  and  added 
to  the  calcareous  earth,  or  alio  a diminution  of  the  phofphoric  acid. 
But  an  union  of  pholphoric  acid  only  with  lime  has  lately  been  found 
tocompofe  whole  mountains  in  Spain, which  is  mentioned  by  Fourcroy,. 
and  is  now  termed  phof  hate  of  lime,  refembling  bone-alhes.  And 
M.  Brumaire  lately  received  from  Spain  a yellowith  tranducent  Rone, 
called  chryfolite  by  the  jewellers,  which  he  found  to  contain  nearly 
equal  parts  of  phofphoric  acid  and  calcareous  earth,  and  to  be  a fpar 
or  cryftallization  of  the  phofphate  of  lime.  And  as  the  limeftone 
at  Rreedon  has  lately  been  difcovered  to  contain  equal  parts  of  mag- 
nolia and  lime,  we  may  hope  by  greater  attention  to  difcover  a moun- 
tain of  phofphate  of  lime  in  our  own  country.  See  Nicholfon’s  Jourr 
nal  1 798,  p.  414. 

From  hence  it  would  appear,  that  the  immenfe  quantities  of  lime- 
Rone  in  the  world,  which  was  originally  formed  from  the  (hells  of 
fubmarine  animals,  has  during  the  long  lapfe  of  time  loft  more  or  lefs 
of  its  original  phofphoric  acid,  and  acquired  more  or  lefs  carbonic 
acid.  The  carbon  diffolved  in  the  atmofphere  or  in  the  ocean  having 
thus  flowly  decompofed  the  phofphoric  acid  in  the  elaboratory  of  na- 
ture without  great  heat,  as  it  does  in  our  crucibles  in  a ftiort  time 
by  the  aftiftance  of  great  heat. 


Eei 


It 


212 


MANURE  S. 


Sect  X.  5.  5. 

It  is  probable  that  much  phofphorus  may  be  con  fumed  in  our  inar- 
tificial mode  of  burning  lime,  which  might  be  preferved  by  calcining 
limedone  in  clofe  veffels,  and  thus  detaching  the  carbonic  acid  with- 
out admitting  the  aerial  oxygen  to  the  phofphorus  ; but  the  advan- 
tage to  agriculture  of  fuch  a procefs  can  only  be  determined  by  expe- 
riment. 

There  are  many  inftances  given  by  Mr.  Anderfon,  and  by  Lord 
Kaims,  of  foils  which  are  faid  to  have  been  for  ages  uncommonly 
fertile  without  addition  of  manures  or  culture.  Tbefe  are  plains  near 
the  fhore  in  the  county  of  Caithnefs,  and  in  the  Hebrides,  and  are 
faid  to  confift  almod  entirely  of  fhells  broken  into  very  fmall  parti- 
cles, without  almod  any  mixture  of  other  foil.  See  Encyclop.  Britan. 
Art.  Agricult.  Now  the  foil  of  an  extenfive  country  called  Lincoln 
Heath  I obferved  fome  years  ago  to  confid  in  a great  degree  of  pow- 
dered limedone,  which  like  the  Ketton  limedone  appeared  in  fmall 
rounded  particles,  which  I fuppofe  had  in  remote  times  been  did'olv- 
ed  in  water,  and  again  precipitated  ; which  (hews  a probable  differ- 
ence between  this  lime  and  recent  (hells  in  refpedt  to  their  antiquity, 
and  confequently  that  the  former  mud:  contain  much  of  the  original 
phofphoric  acid,  and  the  latter  only  carbonic  acid.  And  as  Lincoln 
Heath  was  then  edeemed  a very  unproductive  foil,  there  is  reafon  to 
infer  that  the  phofphoric  acid  in  recent  (hells  is  of  greatly  more  fer- 
vice  to  agriculture  than  the  carbonic  acid  of  alluvial  limeflone,  or 
than  calcined  lime  alone. 

Hence  it  is  probable,  that  a greater  quantity  of  phofphoric  acid 
may  exifb  in  fo  i e marles  than  in  others,  as  well  as  in  fome  limedones ; 
thus  the  appearance  of  recent  fhells  exids  in  the  lime  near  Loughbo- 
rough in  Leicederfhire,  in  the  road  to  Nottingham,  and  in  fome 
marles  called  fhell-marle  ; which  mud  therefore  probably  contain 
much  more  phofphoric  acid,  fo  as  almod  to  refemble  the  bones  of 
animals;  and  may  thus  be  more  friendly  to  vegetation.  A piece  of 
land  is  mentioned  by  Mr.  Anderfon,  that,  after  a thick  coat  of  marie 
8 laid 
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laid  oil  it,  bore  crops  for  thirty  years  without  additional  improve- 
ment, and  I think  it  was  called  fhell-marle.  See  Encyclop.  Britan. 
Agricult. 

6.  A medical  philofopher,  M.  Bonhomme,  has  endeavoured  to 
fhew,  that  the  hardnefs  of  animal  bones  depends  on  the  quantity  of 
phofphoric  acid  united  to  calcareous  earth,  which  they  contain  ; and 
that  the  rickets,  a difeafe  in  which  the  bones  become  too  foft,  is  folely 
owing  to  the  want  of  it,  or  to  the  exigence  of  the  vegetable  acid 
inflead  of  it.  Annales  de  Chemie,  Vol.  XVII.  May  we  not  con- 
clude, that  the  prefence  of  phofphoric  acid  in  the  vegetable  fyftem 
mud;  be  of  importance  ; becaufe  it  fo  univerfally  exifts  in  them,  and 
may  probably  give  firmnefs  to  liqueous  as  well  as  to  ofleous  fibres? 
To  which  may  be  added,  that  M.  Fourcroy  believes,  that  the  afhes 
of  burnt  vegetables,  which  have  been  fuppofed  to  confift  of  earth  or 
clay,  when  the  fixed  alkali  is  wafhed  from  them,  are  principally  cal- 
careous phofphorus,  like  thofe  of  animal  bones.  The  fame  is  afferted 
by  Lord  Dundonald  in  his  Connection  of  Agriculture  and  Chemiftry, 
p 25,  who  calls  the  infoluble  part  of  vegetable  afhes  a phofphat  of 
lime.  This  fubjeCt  is  worthy  further  invefligation. 


VI.  L I M E. 

Many  of  the  principal  ufes  of  calcareous  earth  in  promoting  the 
growth  of  vegetables  have'  been  already  mentioned  in  this  feCtion, 
which  we  fhall  recapitulate  with  additions. 

1.  One  great  ufe  of  calcareous  earth  I fufpeCt  to  confifi:  in  its  unit- 
ing with  the  carbon  of  the  foil  in  its  pure  or  cauftic  ftate,  or  with  that 
of  vegetable  or  animal  recrements  during  fome  part  of  the  procefs  of 
putrefaction  ; and  thus  rendering  it  foluble  in  water  by  forming  an 
hepar  carbonis,  fomewhat  like  an  hepar  fulphuris  produced  by  lime 
and  fulphur,  as  mentioned  in  No.  4.  7.  of  this  SeCt. ; by  which  proc- 
eeds 
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eels  I fuppofe  the  carbon  is  rendered  capable  of  being  abforbed  by  the 
lacteal  veflels  of  vegetable  roots. 

The  black  liquor,  which  flows  from  dunghills,  is  probably  a fluid 
,of  this  kind  ; but  I mean  to  fpeak  hypothetically,  as  I have  not  veri- 
fied it  by  experiment ; and  the  carbon  may  be  limply  fupported  in 
the  water  by  mucilage,  like  the  coffee  drank  at  our  tea-tables ; or 
may  be  converted  into  an  hepar  carbonis  by  its  union  with  the  fixed 
alkali  of  decaying  vegetable  matter,  or  by  the  volatile  alkali,  which 
accompanies  fome  ftages  of  putrefa&ion.  See  No.  10.  3.  of  this  Sec- 
tion. 

2.  A fecond  mode  of  its  ferving  the  purpofes  of  vegetation  I believe 
to  be  by  its  union  with  carbonic  acid,  and  rendering  it  thus  foluble 
in  water  in  its  fluid  Rate  inflead  of  its  being  expanded  into  a gas  ; 
and  that  thus  a great  quantity  of  carbon  may  be  drank  up  by  vegeta- 
ble abforbent  veflels. 

In  the  pra&ice  newly  introduced  of  watering  lands  by  deriving 
flreams  over  them  for  many  weeks  together,  I am  informed  that  wa- 
ter from  fprings  is  generally  more  effedlual  in  promoting  vegetation 
than  that  from  rivers  ; which  though  it  may  in  part  be  owing  to 
the  azotic  gas,  or  nitrogen,  contained  in  fome  fprings,  as  thofe  of 
Buxton  and  of  Bath,  according  to  the  analyfis  of  Dr.  Prieflley,  and 
of  Dr.  Pearfon  ; yet  I fuppofe  it  to  be  principally  owing  to  the  cal- 
careous earth,  which  abounds  in  all  fprings,  which  pafs  over  marly 
foils,  or  through  calcareous  ftrata  ; and  which  does  not  exifl:  in  rivers, 
as  the  falts  wafhed  into  rivers  from  the  foil  all  feem  to  decompofe 
each  other,  except  the  marine  fait,  and  fome  magnefian  fait,  which 
are  carried  down  into  the  ocean.  The  calcareous  earth  likewife, 
which  is  walhed  into  rivers,  enters  into  new  combinations,  as  into 
gypfum,  or  perhaps  into  filiceous  fand,  and  fubfides.  Thefe  folutions 
of  calcareous  earth  in  thofe  waters,  which  are  termed  hard  waters, 
and  which  incrufl:  the  fldes  of  our  tea-kettles,  may  poflibly  alfo  con- 
tribute 
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tribute  to  the  nutriment  of  animals,  as  mentioned  in  Zoonomia, 
Part  III.  Article  I.  2.  4.  2; 

3.  A third  mode,  by  which  lime  promotes  vegetation,  I fuppofe 
may  be  afcribed  to  its  containing  phofphorus ; which  by  its  union 
with  it  may  be  converted  into  an  hepar,  and  thus  rendered  fokible 
in  water,  without  its  becoming  an  acid  by  the  addition  of  oxygen. 
Phofphorus  is  probably  as  neceffary  an  ingredient  in  vegetable  as  in 
animal  bodies  j which  appears  by  the  phofphoric  light  vifible  on  rot- 
ten wood  during  fome  flages  of  putrefaction  ; in  which  I fuppofe  the 
phofphorus  is  fet  at  liberty  from  the  calcareous  earth,  or  from  the 
fixed  alkali,  or  from  the  carbon  of  the  decompofing  wood,  and  ac- 
quires oxygen  from  the  atmofphere  ; and  both  warmth  and  light  are 
emitted  during  their  union.  But  phofphorus  may  perhaps  more  fre- 
quently exift  in  the  form  of  phofphoric  acid  in  vegetables,  and  may 
thus  be  readily  united  with  their  calcareous  earth,  as  mentioned  in 
No.  5.  6.  of  this  Section,  and  may  be  feparated  from  its  acid  by  the 
carbon  of  the  vegetable  during  calcination,  and  alfo  during  putrefac- 
tion, which  may  be  confidered  as  a flow  combuflion. 

The  exifience  of  a folution  of  phofphoric  acid  and  calcareous  earth 
in  the  veffels  of  animals  is  proved  by  the  annual  renovation  of  the 
fhells  of  crab-fifh,  and  by  the  fabrication  of  the  egg-fhells  in  female 
birds ; and  is  occafionally  fecreted,  where  it  cements  the  wounds  made 
on  fnail-fhells  ; or  where  it  joins  the  prefent  year’s  growth  of  a fnail- 
fliell  to  the  part,  where  a membranous  cover  had  been  attached  for 
the  protection  of  the  animal  during  its  (late  of  hibernation.  And 
laflly,  it  is  evident  from  the  growth  of  the  bones  of  quadrupeds,  and 
from  the  depofition  of  callus  to  join  them  where  they  have  been 
broken. 

4.  Lime  in  its  pure  Rate  is  foluble  in  about  6co  times  its  weight  of 
water ; and  by  a greater  quantity  of  carbonic  acid  than  is  neceffary 
for  its  cryflallization,  it  is  foluble  in  water  in  much  greater  quan- 
tities, as  appears  by  the  calcareous  depofition  of  the  water  at  Mat- 
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lock  ; and  may  I fuppofe  fupply  a nutritious  fubftance  by  uniting  with 
mucilage  or  oil,  either  in  the  earth  at  the  roots  of  vegetables,  or  on 
the  furface  of  the  foil,  which  may  be  gradually  wafhed  down  to 
them. 

If  a folution  of  foap  be  poured  into  lime-water,  the  oil  of  the  foap 
combines  with  the  calcareous  earth,  and  the  cauftic  alkali  is  fet  at  li- 
berty, according  to  the  experiments  of  Mr.  Bertholet ; (fee  Nichol- 
fon’s  Journal,  Yol.  I.  p.  170,)  who  concludes,  that  oil  has  a ftronger 
affinity  to  calcareous  earth  than  it  has  to  fixed  alkali.  At  the  fame 
time  it  appeared,  that  a folution  of  the  mild  or  effei vefcent  fixed  al- 
kali poured  on  this  calcareous  foap  would  decompofe  it  by  twofold 
elective  attraction;  as  the  carbonic  acid  of  the  mild  fixed  alkali  unites 
with  the  calcareous  earth  of  the  calcareous  foap,  and  the  oil  unites 
with  the  pure  or  cauftic  alkali. 

Many  arguments  may  be  adduced  to  fhew,  that  calcareous  earth 
either  alone,  or  in  fome  of  the  ftates  of  combination  above  mention- 
ed, may  contribute  to  the  nourifhment  both  of  animals  and  vegeta- 
bles. Firft,  becaufe  calcareous  earth  conftitutes  a conliderable  part 
of  them,  and  muft  therefore  either  be  received  from  without,  or 
formed  by  them,  or  both.  Secondly,  becaufe  from  the  analogy  of  all 
organic  life,  w'hatever  has  compofed  a part  of  a vegetable  or  animal, 
may  again  after  its  chemical  folution  become  a part  of  another  vege- 
table or  animal ; fuch  is  the  general  tranfmigration  of  matter  ! 

5.  There  are  other  ufes  of  lime  in  agriculture,  which  may  not  be 
aferibed  to  it  as  a nutritive  food  for  vegetables,  but  from  its  produc- 
ing fome  chemical  or  mechanical  effeCts  upon  the  foil,  or  upon  other 
manures,  with  which  it  is  mixed  ; as  firft,  from  its  deflroying  in  a 
fhort  time  the  cohefion  of  dead  vegetable  fibres,  and  thus  reducing 
them  to  earth  ; which  otherwife  is  effected  by  a flow  procefs,  either 
by  the  confumption  of  infects,  or  by  a gradual  putrefaction.  This 
is  faid  to  be  performed  both  by  mild  and  by  cauftic  calcareous  earth, 
as  in  the  experiments  both  of  Pringle  and  Macbride.  It  is  faid  that 
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un burnt  calcareous  earth  forwards  the  putrefadlion  of  a mixture  of 
animal  and  vegetable  matter.  But  that  pure  lime,  though  it  feemed 
to  prevent  putrefaction,  deftroyed  or  diffolved  the  texture  of  the  flefh. 
Thus  I am  informed,  that  a mixture  of  lime  with  oak-bark,  after 
the  tanner  has  extracted  from  it  whatever  is  foluble  in  water,  will  in 
two  or  three  months  reduce  it  to  a fine  black  earth  ; which  if  only 
laid  in  heaps,  would  require  as  many  years  to  effeCt  by  its  own  fpon- 
taneous  fermentation  or  putrefaction.  This  effeCt  of  lime  muft  be 
particularly  advantageous  to  newly  enclofed  commons  when  firfl 
broken  up. 

Mr.  Davis,  in  the  papers  of  the  Society  of  Arts,  Vol.  XVI.  p.  122, 
afferts,  that  on  a common,  which  had  been  previoufly  covered  with 
heath,  but  was  otherwife  very  barren,  the  effect  of  lime  was  very 
advantageous  for  about  ten  years,  during  which  time  the  vegetable 
roots  might  be  fuppofed  to  have  been  diffolved  and  expended  ; but 
that  a fecond  liming  he  obferved  produced  no  good  effeCt.  It  is  pro- 
bable the  good  effeCt  might  not  be  fo  great,  but  I fhould  doubt  the 
circumftance  of  its  producing  no  good  effeCt  at  all. 

Mr.  Browne  of  Derby  has  alfo  an  ingenious  paper  in  the  tranfac- 
tions  of  the  Society  of  Arts,  in  which  he  afferts,  that  recent  vegeta- 
bles, as  clover,  laid  on  heaps  and  Gratified  with  frefh  lime,  are  quickly 
decompofed,  even  in  a few  days.  The  heat  occafioned  by  the  moif- 
ture  of  the  vegetables  uniting  with  the  lime  I fuppofe  quickens  the 
fermentation  of  the  vegetable  juices,  and  produces  charcoal  in  con- 
fequence  of  combuflion,  fimilar  to  that  frequently  produced  in  new 
hayftacks,  which  if  air  be  admitted  burft  into  flame. 

Secondly,  lime  for  many  months  continues  to  attraCt  moifture  from 
the  air  or  earth  ; which  it  deprives  I fuppofe  of  carbonic  acid,  and 
then  fuffers  it  to  exhale  again,  as  is  feen  on  the  plaflered  walls  of 
new  houfes.  On  this  account  it  mufl  be  advantageous  when  mixed 
with  dry  or  fandy  foils,  as  it  attracts  moiflure  from  the  air  above,  01 
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the  earth  beneath  ; and  this  moidure  is  then  abforbed  by  the  lym- 
phatics of  the  roots  of  vegetables. 

Thirdly,  by  mixing  lime  with  clays  it  is  believed  to  make  them 
lefs  cohefive  ; and  thus  to  admit  of  their  being  more  eafily  penetrated 
by  vegetable  fibres. 

Fourthly,  a mixture  of  lime  with  claydedroys  its  fuperabundancy 
of  acid,  if  fuch  exids  ; and  by  uniting  with  it  converts  it  into  gypfum,. 
or  alabader. 

Fifthly,  when  lime  is  mixed  with  a compoft  of  foil  and  manure, 
which  is  in  the  date  of  generating  nitrous  acid,  it  arreds  the  acid  as 
it  forms,  and  produces  a calcareous  nitre,  and  thus  prevents  bctlx 
its  exhalation  and  its  ealy  elutriation. 

And  ladly,  frefh  lime  dedroys  worms,  fnails,  and  other  indents,, 
with  which  it  happens  to  come  in  contadt,  and  with  which  almod 
every  foil  abounds. 

6.  The  various  properties  of  lime  above  defciibed  account  for  the 
great  ufes  of  it  on  almod  all  lands  ; except  perhaps  dome  of  thofe 
which  already  abound  with  calcareous  earth.. 

On  riding  from  Beckingham  to  Sleaford,  and  from  thence  to  Lin- 
coln, I was  informed  by  three  or  four  farmers,  that  lime  had  been 
tried,  but  was  believed  to  be  of  no  fervice  in  that  country.  Nor 
was  I furprifed  at  this  observation,  as  I had  feen  fragments  of  allu- 
vial limedone  thrown  out  of  every  ditch  on  the  road,  which  was  of  a 
loofe  texture,  confiding  of  calcareous  fand,  like  the  Ketton  limedone, 
rounded  by  fridtion,  before  it  was  confolidated  into  a mafs,  the  up- 
per furface  of  which  was  broken  into  fragments,  when  it  was  raided 
from  the  fea  by  fubterraneous  fires,  or  by  its  cooling  from  a hot  date 
or  its  drying  from  a moid  one. 

Thus,  as  I had  ridden  over  one  fingle  alluvial  limedone  above  ten 
miles  broad  and  above  twenty  long,  the  broken  furface  of  which 
appeared  in  the  bottom  of  almod  every  ditch,  I concluded,  that  the 
foil  mud  be  calcareous  earth  mixed  only  with  dome  animal  and  ve- 
getable 
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getable  recrements,  and  that  an  addition  of  pure  lime  could  probably 
not  be  of  much  advantage  to  the  vegetables  it  fupported.  And  the 
fame  I fuppofe  mud:  occur  in  thofe  fituations,  where  the  furface  of  the 
foil  confifts  almoft  totally  of  chalk,  which  is  another  kind  of  alluvial 
limeftone  ; that  is,  which  has  been  diffolved  in  water  in  the  early 
ages  of  the  world,  and  again  depofited. 

Yet  even  in  fome  foils,  which  abound  in  calcareous  earth,  lime  is 
efteemed  to  be  of  fervice  ; which  may  be  owing  both  to  its  cauftic 
quality,  and  to  its  being  fo  finely  pulverized.  For  a part  of  the  wa- 
ter, which  combines  with  it  after  calcination,  gives  out  fo  much  heat 
as  to  convert  another  part  of  it  into  fleam  ; which  breaks  the  cal- 
cined lime-lumps  into  a mofl  fubtile  and  impalpable  powder,  ap- 
proaching even  to  fluidity,  as  mentioned  in  No.  4.  4.  of  this  Section. 

In  the  parifh  of  Harrington  in  Derbyfhire  there  is  a flratum  of 
hard  lime/lone,  or  marble,  as  I am  informed,  immediately  beneath  a 
{hallow  foil,  and  which  in  many  places  peeps  through  it  ; yet  on 
fome  of  this  land  an  ingenious  aflive  agricultor  has  laid  lime  on  the 
grafs  in  great  quantity  with  prodigious  advantage  ; and  that  he  con- 
tinues annually  to  improve  by  this  means  a confiderable  extent  of 
land. 

The  difference  between  the  hard  limeftone  of  this  part  of  Derby- 
fhire, and  the  foft  fand-formed'limeftone  about  Lincoln  Heath  and 
.Sleaford,  may  render  the  incumbent  foil  to  be  more  or  lefs  mixed 
with  calcareous  earth  ; or  they  may  abound  more  or  lefs  with  phof- 
phoric  acid,  as  mentioned  in  No.  5.  5.  of  this  Sedlion.  But  it  may 
have  happened,  that  fome  prejudices  of  the  farmers,  who  gave  me  the 
■information,  might  have  led  them  to  condemn  the  ufe  of  lime  about 
Sleaford  and  Lincoln  ; and  I fhould  again  recommend  it  to  their  fe- 
rrous attention. 

Another  improper  fttuation  for  the  ufe  of  lime  is  faid  to  be  on  thofe 
lands,  which  are  too  wet,  and  which  therefore  fhould  be  previoufly 
■drained;  other-wife  the  lime  is  faid  to  coalelce  into  a kind  of  mortar, 
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and  become  fo  hard,  that  the  tender  plumula  of  growing  feeds,  or 
the  fine  extremities  of  their  roots,  can  not  eafily  penetrate  it.  This 
may  occur  more  certainly  in  that  kind  of  lime,- which  contains  man- 
ganefe,  and  is  therefore  capable  of  fetting  under  water,  as,  I luppofe, 
the  barrow  lime  of  Leicefterlhire,  and:  agues  lime  near  A Ih bourn  in 
Derbylhire. 

7.  The  great  and  general  advantage  of  lime  in  all  foils  and  all 
fituations,  except  fome  of  thofe  which,  are  already  replete  with  cal- 
careous earth,  or  are  too  moift,  can  only  be  underftood  from  the  idea 
already  mentioned  of  its  fupplying  adlual-  nutrition  to  vegetables ; and 
this  feems  more  probable,  as- it  contributes  fo  much  to  the  meliora- 
tion of  the  crops,  as  well  as  to  their  increafe  in  quantity.  Wheat 
from  land  well  limed  is  believed  by  farmers,  millers,  and  bakers,  to 
be,  as  they  fuppofe,  thinner  Ikinned  ; that  is,  it  turns  out  more  and' 
better  flour  ; which  I fuppofe  is  owing  to  its  containing  more  {larch 
and  lefs  mucilage- 

Hence  we  perceive  another  very  important  ufe  of  lime  in- cultiva- 
tion of  land  may  be  owing  to  its  forwarding  the  converfion  of  mu- 
cilage into  {larch,  that  is,  to  its  forwarding  the  ripening  of  the  feed 
which  is  a matter  of  great  confequence  in  this  climate  of  {hort  and 
cold  fummers.  See  Se£l.  VI.  3.  and  XVI.  3- 

In  refpedl  to  grafs- ground  I am  informed,  that  if  a fpadefulof  lime 
be  thrown  on  a tuifock,  which  horfes  or  cattle  have  refufed  to  eat  for 
years,  they  will  for  many  fucceeding  feafons  eat  it  quite  clofe  to  the 
ground ; which  is  owing,  I fufpedl,  to  the  grafs  containing  more 
fugar  in  its  joints  ; or  to  the  lefs  acidity  of  all  its  juices. 

8.  There  are  not  only  fome  other  bodies,  which  poflefs  a calca- 
reous bafe,  befides  the  common  limeflone,,  as  gypfum,  fluor,  bone- 
alhes,  and  perhaps  vegetable  allies  ; but  there  are  others  which  are 
occafionally  united  with  carbonic  acid,  and  may  be  detached  from  it 
by  calcination,  as  the  aerated  barytes  and  magnefia.  The  lad  in  its 
calcined  Hate  may  poffibly  be  as  ufeful  in  agriculture  as  the  lime  of 
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calcareous  earth,  with  which  I believe  it  is  frequently  mixed.  For 
Mr.  Tennant  affined  me  a few  days  ago,  that  he  had  analyfed  the 
limeftone  of  Breedon  in  Leicefterfhire,  and  found  it  to  contain  nearly 
as  much  magnefia  as  calcareous  earth,  befides  fome  mangauefe ; which, 
is  neverthelefs  a lime  much  efteemed  in  this  country  both  for  archi- 
tecture and  agriculture.  As  magnefia  exifts  in  fea- water,  and  in  fait 
fprings,  it  may  render  thefe  waters  iifeful  as  a manure  as  well,  as  the 
marine  fait,,  which  they  contain.  As  fteatites  or  foap-ftone  confifts> 
principally  of  magnefia,  perhaps  this  limeftone  of  Breedon  may  be 
worth  the  attention  of  the  poicelain  manufactory^ 

This  magnefian  lime  of  Breedon  is  further  worthy  attention  in  the 
cultivation  of  land,  and  particularly  where  a foil  abounds  with  vitriol 
of  iron,  or  where  it  abounds  with  gypfum,  as  about  Chelafton  on  the 
banks  of  the  Derwent,  and  from  Nottingham  to  Newark  on  the 
banks  of  the  Trent,  as  the  magnefian  earth  would  unite  with  the  vi- 
triolic acid,  and  leave  an  ochre  of  iron  in  one  cafe,  and  lime  in  the 
other;  at  the  fame  time  a foluble  fait,,  called  Epfom  fait,  would  be 
formed,  which,  according  to  the  experiments  of  Dr.  Home,  promotes 
rapid  vegetation.  To  fow  a few  pecks  of  gypfum  reduced  to  powder 
on  grafs  land,  as  is  done  in  America  ; and  then  to  fow  upon  this 
twice  or  thrice  as  much  Breedon  lime,  might  be  an  experiment  which 
might  be  advantageous  in  the  part  of  Derby  (hire  next  to  Leicefter- 
fhire,  where  both  of  them  are  to.  be  obtained  at  no  great  expence^ 

VII.  CLAY,  METALLIC  OXYDES,  NITRE,  SEA-SALT.. 

r.  The  too  great  adhefion  of  the  particles  of  argillaceous  earth  or 
clay  renders  it  in*  its  pure  ftate  unfit  for  vegetation  ;;  as  the  tender 
fibrils  of  roots  can  with  difficulty  penetrate  it,  whence  it  becomes 
much  improved  for  the  purpofes  of  agriculture,,  when  it  is  mixed  with 
calcareous  earth  and  with  filiceous  fand,  as  in  marie. 

It  is  commonly  believed  that  lumps  of  clay  become  meliorated  by 
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being  expofed  to  frofd  in  its  moiffftate,  which  by  expanding  the  wa- 
ter, which  it  contains,  by  converting  it  into  ice  is  fuppofed  to  leave 
the  particles  of  the  clay  further  from  each  other.  This  however 
feems  in  general  to  be  a mildaken  idea,  fince  if  the  add  of  freezing 
be  not  very  fuddenly  performed,  a contrary  effedt  feems  to  occur,  as 
noticed  by  Mr.  Kir  wan  ; who  obferves,  “ that  clay  in  its  ufual  ftate 
of  dry  nets  can  abforb  two  and  a half  times  its  weight  of  water  with- 
out buffering  any  to  drop  out,  and  retains  it  in  the  open  air  more  per- 
tinacioufiy  than  other  earths  ; but  that  in  a freezing  cold  clay  con- 
tracts more  than  other  earths  fqueezing  out  its  water,  and  thus  part- 
ing with  more  of  it  than  other  earths.”  Mineralogy,  Vol.  I.  p.  9. 

This  curious  circumftance,  that  water,  as  it  cry  ftallizes,  detrudes 
the  clay,  which  is  diffufed  in  it,  correfponds  with  other  fadts  of  con- 
gelation. Thus  when  wine,  or  vinegar,  or  common  fait  and  water,  or 
a folution  of  blue  vitriol  in  water,  are  expofed  to  fro  fly  air  ; the  al- 
cohol, the  acetous  acid,  the  marine  fait,  and  the  calx  of  copper,  are 
all  of  them  detruded  from  the  aqueous  cryffals,  and  retreat  to  the 
central  part  of  the  fluid,  or  to  that  laid  frozen,  or  into  numerous 
cells  furrounded  with  partitions  of  ice,  as  I have  frequently  obferved  ; 
whence  it  appears,  that  wet  clay  is  in  general  rendered  more  folid 
and  tenacious  by  being  frozen,  as  well  as  when  it  is  dried,  and  its 
moiflure  exhaled  by  too  warm  a fun;  and  by  both  thofe  circum- 
cumftances  becomes  lefs  adapted  to  the  purpofes  of  agriculture. 

2.  In  mold  clays  a kind  of  effervefcence  pccurs,  after  they  are 
turned  over,  and  thrown  on  heaps,  and  thus  acquire  air  into  their  in- 
teftines,  which  renders  them  much  fitter  for  the  purpofes  of  vitrifica- 
tion ; and  thus  forwards  the  proceffes  of  the  brick-kiln  and  pottery. 
This  greater  facility  to  vitrify  is  probably  effected  by  the  union  of 
oxygen  with  the  iron,  which  mold  clays  contain  ; as  oxyaes  of  lead 
and  manganefe  are  ufed  in  the  more  perfedt  vitrifications. 

The  calciform  ores,  or  oxydes,  of  iron,  manganefe,  and  zinc,  are 
frequently  found  near  the  furface  of  the  earth,  where  they  have  been 
1 united 
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united  with  oxygen  by  the  palling  currents  of  the  atmofphere;  and 
have  been  fuppofed  to  have  originated  from  the  decompofition  of  ve- 
getables and  animal  bodies,  as  mentioned  in  Botanic  Garden,  Vol.  I.. 

C 

additional  note  18.  Iron  has  been  detedled  in  all  vegetable  and  animal 
matters,  manganefe  in  fome  of  them  ; and,  if  we  poffeffed  a teft  for 
difcovering  fuch  minute  particles  of  zinc,  as  the  magnet  difcovers  of 
iron,  it  is  probable,  that  zinc  alfo  would  be  detected  in  the  vegetables 
which  grow  over  its  beds. 

As  fome  philofophers  have  lately  contended  for  the  great  utility  of 
oxygen  in  vegetation,  as  Humboldt  and  Von  Uflar  ; who  affirm  from 
their  experiments,  that  hyper-oxygenated  muriatic  acid  ufed  in  fmall 
quantities  promotes  both  the  growth  and  irritability  of  plants  ; there 
is  reafon  to  fufpedt,  that  the  calciforin  ores  of  iron,  manganefe,  and 
zinc,  as  well  as  minium,  and  other  calces  or  oxydes  of  metals  made 
by  fire,  and  even  burnt  clays,  when  ftrewed  on  the  ground,  may 
contribute  to  vegetation  by  their  parting  with  their  abundant  oxygen, 
in  a fluid,  not  in  a gafleous  form  ; which  uniting  with  carbon,  or 
phofphorus,  or  nitrogen,  without  emitting  perceptible  heat  or  light,, 
might  fupply  nutritious  fluids  to  the  roots  of  vegetables  ; further  ex- 
periments are  wanted  on  this  fubjed:.  But  I am  well  informed,  that  a 
red  ocher  of  iron,  called  raddle,  has  been  ufed  on  fome  lands  with  ad- 
vantage in  the  north  of  St  afford  (hi  re  ; and  (hould  recommend  a trial 
of  manganefe  in  thofe  countries,  where  it  abounds,  as  near  Kingfbury, 
and  near  Atherflone  in  Warwickfhire  ;.and  a trial  of  lapis  calaminaris, 
where  it  abounds,  as  near  Matlock  in  Derbyfhire  ; and  even  of  the 
calciform  ore  of  lead,  which  is  found  in  Anglefey,  and  on  the  top  of 
fome  other  lead  mines. 

M.  Humbold  afiferts,  that  he  mixed  many  feeds  into  a kind  of  pafle 
with  the  black  oxyde  of  manganefe,  and  poured  over  it  the  muriatic 
acid  diluted  with  water,  in  the  proportion  of  about  fix  of  water  to 
one  of  acid  ; and  that  much  oxygen  was  thus  difengaged,  and  occafion- 
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ed  quick  vegetation.  Journal  de  Phyfique,  1798.  See  No.  2.  8.  of 
this  Section. 

3.  When  clays  are  turned  up  with  the  fpade,  as  is  ufual  in  prepar- 
ing them  for  the  brick  kiln,  a kind  of  effervefcence  occurs,  as  men- 
tioned above  ; which  is  probably  owing  to  the  efcape  of  the  azote  of 
•the  air  impi  ifoned  in  the  interRices,  as  the  oxygen  unites  with  fome 
metallic  particles  in  the  clay  ; or  to  fleam  raifed  from  the  water  in 
the  clay  by  the  heat  fet  at  liberty  from  the  combination  of  the  oxy- 
gen and  the  iron.  This  union  of  oxygen  with  iron  is  curioufly  al- 
1110ft  viflble  in  many  granates  or  porphyries  ; which  I have  feen 
thinly  fcattered  in  large  nodules  near  Cannock  in  St  afford  fli  ire,  in  the 
road  from  Lichfield  to  Shrowfbury  ; and  on  breaking  them  have  ob- 
ferved.no  appearance  of  iron  on  the  newly  divided  furfaces  ; but  which 
in  a few  days  acquired  an  ochery  appearance  on  them,  which  pene- 
trated nearly  half  an  inch.  This  can  not  but  be  afcribed  to  the  oxygen 
of  the  atmofphere  having  united  with  the  iron  in  thefe  Rones,  which 
by  their  fmell,  when  breathed  upon,  contain  indurated  clay,  and  hav- 
ing converted  into  an  oxyde  either  the  clay  itfelf,  or  fome  metallic 
particles  included  in  it. 

There  is  neverthelefs  an  exhalation  from  clay,  and  perhaps  from 
moft  foils,  when  they  have  been  previoufly  dried,  and  then  fprinkled 
with  water,  as  after  a Riower  in  fummer,  which  has  been  fuppofed 
to  be  falubrious  to  invalids  and  convalefcents.  This  remarkably  oc- 
curs, when  dry  clay  is  breathed  upon  even  in  its  moft  indurated  Rate, 
as  in  granites  and  porphyries,  by  which  criterion  thefe  Rones  are  im- 
mediately diRinguifhed  from  the  filiceous  and  calcareous  ones.  This 
I imagine  is  produced  by  the  heat  fet  at  liberty  by  the  combination 
of  dry  clay  and  water,  like  that  produced  in  fo  much  greater  degree 
by  the  combination  of  lime  and  water  ; and  that  this  heat  raifes  a part 
of  the  acquired  moiRure  into  Ream,  in  which  are  diflolved  the  odor- 
ous particles ; both  which  probably  caufe  the  quick  vegetation  on 
clayey  foils  after  the  fiiowers  in  fummer. 
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When  marl,  which  confifts  of  clay,  calcareous  earth,  and  fand, 
- which  are  frequently  coloured  red  by  iron,  or  blue  probably  by  man- 
ganefe,  is  expofed  in  fmall  lumps  to  the  atmofphere;  it  is  liable  to 
crumble  into  powder,  which  I fuppofe  to  arife  from  a fimi-lar  circum- 
flance  ; that  the  oxygen  of  the  atmofphere  uniting  with  the  clay,  or 
the  metallic  particles  it  pofTelTes,  lets  at  liberty  the  fame  gas,  or  (team, 
which  is  feen  to  rife  from  clay,  when  thrown  on  heaps  for  the  brick 
kiln  or  pottery  ; which  breaks  the  lumps  into  powder,  as  the  lumps 
of  lime  are  broken  into  powder  by  the  (team,  which  is  generated 
when  water  is  thrown  on  them,  by  the  heat  let  at  liberty  by  the 
combination  of  the  lime  and  water. 

This  union  of  oxygen  with  the  clay,  or  with  the  metallic  particles 
-mingled  with  it,  I fuppofe  to  be  much  facilitated  by  expofing  it  to  a 
red  heat,  as  in  burning  bricks  j while  a greater  heat  may  unite  fo 
much  oxygen  with  it  as  to  turn  it  into  glafs.  ExacStly  fuch  a pro- 
cefs  occurs  in  the  production  of  minium  ; a certain  quantity  of  heat 
with  the  contact  of  air  combines  fo  much  oxygen  with  the  melted 
lead,  as  to  form  an  oxyde  ; a greater  quantity  of  heat  converts  it  into 
glafs. 

4,  When  day  is  united  with  fo  much  oxygen  by  fire  as  to  form  a 
foft  or  imperfect  brick,  it  pofTelTes  the  power  of  promoting  the  ge- 
neration of  the  nitrous  add  in  certain  fituations  ; which  is  frequently 
feen  like  an  efflorefcence  on  mouldering  walls,  having  become  by 
the  addition  of  lime  a calcareous  nitre.  The  ufe  of  thefe  foft  bricks  in 
-the  production  of  nitre  is  well  known  in  Paris,  where  the  rubbilh  of 
old  houfes  is  regularly  purchafed  for  that  ,purpofe.;  which  before  the 
revolution  was  a royal  manufacture. 

As  thele  foft  efPiorefcent  bricks  from  old  houfes  are  known  power- 
fully to  promote  vegetation,  when  pulverized  and  mixed  with  the 
foil ; at  the  fame  time  that  they  are  capable  of  producing  the  nitrous 
acid  ; I imagine,  that  the  ufe  of  paring  and  burning  the  turf  of  Tome 
.•newly  enclofed  commons  depends  on  this  circumftance.  That  is, 
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that  the  heat  emitted  from  the  burning  vegetable  fibres  unites  oxygen 
with  the  clay  ; which  latter  forms  more  than  half  of  the  flices  of 
turf,  as  they  are  dug  from  the  ground.  In  other  refpedts  the  paring 
and  burning  of  grafs  grounds  would  certainly  be  a wafteful  proce- 
dure ; as  much  carbon  is  converted  into  carbonic  acid,  and  difperfed 
along  with  the  uninflamed  fmoke  or  foot,  and  nothing  left  but  the 
vegetable  allies.  From  thefe  confiderations  it  would  probably  be 
worthy  experiment  in  farms,  where  coal  and  clay  abound,  to  burn 
the  latter  to  a certain  degree  ; which  might  fupply  ail  exhaufllefs 
fource  of  profitable  manure. 

5.  I have  fulpeCted  alfo,  that  this  calcined  clay,  as  it  exifts  in  foft 
bricks,  has  a power  of  decompofing  marine  fait,  as  I once  obferved 
in  a cellar,  where  beef  had  been  long  falted  on  one  fide  of  a nine-inch 
wall,  the  wooden  falting-tub  for  which  was  attached  to  it  ; that  a 
great  efflorefcence  appeared  on  the  other  fide  of  the  wall,  which  I 
believed  to  be  foffile  alkali  or  natron.  If  this  idea  be  juft,  the  foft 
bricks  from  old  buildings,  or  clays  fo  far  purpofely  burnt,  may  in 
this  manner  be  ferviceable  to  vegetation,  by  feparating  the  foffile  al- 
kali from  the  fea-falt,  which  is  wafhed  from  decompofing  animal  and 
vegetable  fubftances ; which  by  converting  carbon  into  an  hepar  car- 
bonis,  as  lime  is  fuppofed  to  do  in  No.  6.  1.  of  this  Section,  might 
render  it  foluble  in  water,  and  capable  of  being  abforbed  by  the 
lymphatic  veffels  of  the  roots  of  plants. 

If  clay  calcined  to  a certain  degree,  and  thus  united  with  oxygen, 
poffefles  the  power  of  decompofing  marine  fait,  there  is  reafon  to 
believe,  when  it  is  more  {lowly  united  with  oxygen  by  its  expoiure 
to  the  atmofphere  by  the  fpade  or  plough,  that  it  may  pofifefs  the 
fame  property  ; and  that  this  may  have  given  rife  to  the  very  con- 
tradictory reports  concerning  the  ufe  of  fea-falt  in  agriculture;  as  it 
may  probably  be  of  great  advantage  to  clayey  foils,  but  perhaps 
not  fo  to  other  foils.  See  Sect.  XIV.  2.  8. 

6,  Another  faline  body,  which  readily  unites  with  argillaceous 
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earth  in  the  fire,  is  fait  of  urine,  commonly  called  microcofmic  fait, 
which  a£ts  as  a flux  diffolving  clay  with  confiderable  effervefcence. 
Kirwan’s  Mineralogy,  Vol.  I.  p.  9.  This  microcofmic  fait  confifts  of 
phofphoric  acid  united  with  an  ammonical,  or  with  a calcareous  bafe  ; 
and  muff  in  the  latter  cafe  refemble  the  phofphat  of  lime,  of  which 
there  are  whole  mountains  difeovered  in  Spain,  as  mentioned  in  No. 
5.  5.  of  this  Section  ; and  of  which  many  may  probably  be  difeovered 
in  our  own  country.  Now  as  the  fame  combinations  of  matter, 
which  are  quickly  formed  by  the  heat  of  the  chemift’s  furnaces,  are 
often  performed,  though  more  flowly,  in  the  elaboratory  of  nature ; 
it  is  probable,  that  if  this  calcareous  phofphorus  could  be  procured  in 
this  country,  reduced  to  powder,  and  fpread  on  our  clay  lands,  that 
it  might  more  than  any  other  calcareous  matter  render  them  friendly 
to  vegetation,  like  the  allies  of  burnt  bones ; which  experiment  alone 
can  determine. 

7.  As  clay  is  lefs  adapted  to  the  growth  of  the  roots  of  plants  by 
the  too  great  cohefion  of  its  particles,  this  may  be  in  fome  degree 
corredted  by  frequently  exposing  it  to  air  imprifoned  in  its  inter- 
faces, as  by  turning  it  over  by  the  plough  or  Ipade.  Another  me- 
thod is  by  planting  on  it  fuch  vegetables  firft  as  are  known  to  grow 
well  in  clay,  as  beans,  and  as  their  roots  are  afterwards  left  in  the 
clay,  they  not  only  thus  form  tubes  in  it,  fo  as  to  render  the  mafs 
lefs  coheiive;  but  add  to  it  fo  much  carbon,  and  thus  rather  enrich 
than  impoverish  it.  Add  to  this  that  the  lower  leaves  of  the  denfe  fo- 
liage of  thefe  vigorous  vegetables  are  believed  to  give  out  much  car- 
bonic acid  by  their  refpiration  in  the  fhade  f milar  to  the  refpiration 
of  animals;  which  perpetually  finking  down  upon  the  furface  of  the 
foil  is  believed  to  fupply  it  with  carbon  ; and  thus  alfo  to  render  it 
more  nutritive  to  other  vegetables,  which  may  afterwards  grow  upon 
it. 

Lord  Kaimes,  who  allows  that  clay,  if  it  be  moiftened  after  it  has 
been  pulverized,  becomes  on  drying  as  indurated  and  cohefive  as 
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before,  alTerts,  that  this  does  not  happen,  if  it  be  moiftened  with  the 
fluid,  which  efcapes  from  dunghills ; which  may  be  owing  both  to 
the  carbon,  and  to  the  fixed  vegetable  alkali,  which  that  fluid  con- 
tains. And  alfo  adds,  that  lime  will  prevent  the  cohelion  or  indura- 
tion of  clay,  and  therefore  greatly  improves  argillaceous  foils  for  all 
the  purpofes  of  agriculture. 

8.  When  clay  abounds  with  vitriolic  acid  fo  as  to  be  converted 
into  alum,  it  becomes  very  unfriendly  to  vegetation.  In  this  ftate  it 
is  believed  much  to  counteract  the  procefs  of  putrefaCtion  in  animal 
bodies,  as  is  faid  to  have  happened  in  fome  burying  grounds.  This 
it  may  effeCt  by  uniting  with  the  ammonia  generated  by  putrefaCtion 
the  moment  it  is  formed,  or  by  preventing  its  production  ; as  whet* 
the  fait  of  Neville  Holt  water  in  Leicefterfhire,  which  I fuppofe  is- 
alum,,  is  mixed  with  very  putrid  blood,  as  I once  witnefled,  the  pu- 
trid fcent  was  inftantly  deftroyed,  as  I fuppofe  the  argillaceous  earth 
was  precipitated. 

Where  this  acid  or  aluminous  clay  abounds,  it  is  believed  to  check 
the  vegetation  of  trees  as  well  as  of  herbaceous  plants  by  eroding  the 
fine  extremities  of  their  roots,  as  mentioned  in  SeCt.  II.  9.  which  is 
perhaps  beft  to  be  remedied  in  gardens  by  wood-afhes  or  foap-fuds, 
and  in  larger  fields  by  mixing  lime,  or  chalk  in  powder,  or  the 
fweepings  from  roads,  which  are  repaired  by  limeftone,  with  thefe 
aluminous  clays.  Or  laftly,  where  it  can  be  procured,  by  mixing 
with  them  fuch  lime  as  that  of  Breedon  in  Leicefterfhire,  which  con- 
fifts  of  equal  parts  of  magnefia  and  calcareous  earth,  which  would 
thus  fabricate  what  has  been  termed  Epfom  fait,  which  is  faid  to  be 
friendly  to  vegetation. 

VIII.  MANURES  BY  SPONTANEOUS  DECOMPOSITION. 

We  (hall  now  confider  more  generally  the  decompofition  of  organ- 
ized matter,  which  vegetable  and  animal  bodies  fpontaneoufly  un- 
dergo, 
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dergo,  when  they  ceafe  to  live.  The  proceffes  of  this  decompolitiorf 
have  commonly  been  divided  into  the  vinous,  acetous,  and  putrefac- 
tive fermentations;  which  have  been  fuppofed  uniformly  to  fucceed 
each  other.  But  it  is  more  probable,  that  different  kinds  or  parts  of 
dead  organized  matter  may  be  fubjedt  to  many  different  kinds  of 
chemical  changes,  and  that  thefe  may  vary  with  the  degrees  of  heat, 
and  the  quantity  of  water,  and  of  air,  with  which  they  are  fur- 
rounded. 

1.  In  the  ftomachs  of  animals  a faccharine  procefs  precedes  the 
vinous  fermentation  ; which  laft  only  occurs,  when  the  animal  power 
of  digeftion  or  abforption  is  for  a time  fuf pended.  A fimilar  procefs 
occurs  in  the  germination  of  vegetable  roots,  whereby  meal  is  con- 
verted into  fugar,  as  in  the  malt-houfe  ; and  in  the  gradual  ripening 
of  apples  and  pears,  after  they  are  plucked  from  the  tree  ; but  all 
thefe  may  be  faid  to  be  Hill  alive  ; and  this  change  of  meal  or  of 
mucilage  into  fugar  may  thus  be  efteemed  a vegetable  rather  than  a 
chemical  procefs. 

The  art  of  cookery,  by  expofing  vegetable  and  animal  fubflances 
to  heat,  has  contributed  to  increafe  the  quantity  of  the  food  of  man- 
kind by  converting  the  acerb  juices  of  fome  fruits  into  fugar,  as  in  the 
baking  of  unripe  pears,  and  the  bruiting  of  unripe  apples ; in  both 
which  fituations  the  life  of  the  vegetable  is  deftroyed,  and  the  con- 
verfion  of  the  harfh  juice  into  a fweet  one  muft  be  performed  by  a 
chemical  orocefs ; and  not  by  a vegetable  one  only,  as  the  germina- 
tion of  barley  in  making  malt  has  generally  been  fuppofed. 

Some  large  round  auftere  pears  were  yefterday,  November  20, 
fhewn  me  after  having  been  nine  hours  in  the  oven  behind  a kitchen 
fire  covered  fome  inches  with  water  in  a fleam-pot.  On  tailing 
them  they  w'ere  fweet,  and  foft,  and  appeared  to  have  had  at  lead 
the  heat  of  boiling  water.  They  were  replaced  in  the  oven,  and 
kept  in  it  twelve  hours  longer;  and  then  became  nearly  as  fweet  as 
fyrup  or  treacle ; wdiich  might  in  part  have  been  occafioned  by  the 

s evaporation 


230 


MANURES. 


Sect.  X.  8.  i. 


evaporation  of  half  the  water.  From  this  curious  circumftance  there 
feems  reafon  to  conclude,  that  in  a degree  of  heat  about  that  of  boil- 
ing water  the  faccharine  procefs  may  fucceed  ; and  at  the  fame  time 
that  the  procefs  of  fermentation  may  be  prevented  from  exifting ; 
which  I hope  may  induce  fome  chemical  philofopher  to  inveftigate 
by  experiments  this  curious  and  important  fubjedl. 

Some  circumftances,  which  feem  to  injure  the  life  of  feveral  fruits, 
feem  to  forward  the  faccharine  procefs  of  their  juices.  Thus  if  fome 
kinds  of  pears  are  gathered  a week  before  they  would  ripen  on  the 
tree,  and  are  laid  on  a heap  and  covered,  their  juice  becomes  fweet 
many  days  fooner.  The  taking  off  a circular  piece  of  the  bark  from 
a branch  of  a pear-tree  caufes  the  fruit  of  that  branch  to  ripen  fooner 
by  a fortnight,  as  I have  more  than  once  obferved.  The  wounds 
made  in  apples  by  infe&s  occafion  thofe  apples  to  ripen  fooner ; ca- 
prification,  or  the  piercing  of  figs,  in  the  ifland  of  Malta,  is  faid  to 
ripen  them  fooner ; and  I am  well  informed,  that  when  bunches  of 
grapes  in  this  country  have  acquired  their  expedled  fize,  that  if  the 
ffalk  of  each  bunch  be  cut  half  through,  they  will  fooner  ripen. 

The  germinating  barley  in  the  malt-houfe  I believe  acquires  not 
half  its  fweetnefs,  till  the  life  of  the  feed  is  deftroyed  ; and  the  fac- 
charine procefs  then  continued  or  advanced  by  the  heat  in  drying  it ; 
though  I have  lately  been  informed  that  fome  grains  of  malt  will  ve- 
getate after  having  been  dried  in  the  ufual  manner,  which  however 
may  have  been  owing  to  their  not  having  been  previoufly  buffered 
perfectly  to  germinate.  Thus  in  animal  digeftion  the  fugar  produc- 
ed in  the  ftomach  is  abforbed  by  the  lafteals,  as  fad;  as  it  is  made  ; 
otherwife  it  ferments  and  produces  flatulency  ; fo  in  the  germination 
of  barley  in  the  malt-houfe  fo  long  as  the  new  plant  lives,  the  fugar 
I fuppofe  is  abforbed,  as  fafi  as  it  is  made;  but  that  which  we  ufe 
in  making  beer  is  the  fugar  produced  by  a chemical  procefs  after 
the  death  of  the  young  plant,  or  which  is  made  more  expeditioufly 
£han  the  plant  can  abforb  it. 
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It  is  probably  this  faccharine  procefs,  which  obtains  in  new  hay- 
flacks  too  haflily ; and  which  by  immediately  running  into  fermen- 
tation produces  fo  much  heat  as  to  fet  them  on  fire.  The  greatefl: 
part  of  the  grain,  or  feeds,  or  roots,  ufed  in  the  diflilleries,  as  wheat, 
canary  feed,  potatoes,  are  not  I believe  previouGy  fubje&ed  to  ger- 
mination ; but  are  in  part  by  a chemical  procefs  converted  into  fugar, 
and  immediately  fubje&ed  to  vinous  fermentation.  And  it  is  proba- 
ble, a procefs  may  lometime  be  difcovered  of  producing  fugar  from 
flarch  or  meal ; and  of  feparating  it  from  them  for  domeftic  pur- 
pofes  by  alcohol ; which  diffolves  fugar  but  not  mucilage  ; or  by 
other  means. 

This  then  may  be  termed  the  faccharine  fermentation,  and  may 
exifl  I fuppofe  beneath  or  upon  the  earth  in  the  beginning  of  fome 
fpontaneous  vegetable  decompofitions,  previous  to  the  vinous  fer- 
mentation ; and  may  fupply  thus  a very  nutritive  material  to  vege- 
tation ; fimilar  to  that  which  the  embryon  plants  in  the  feeds  of  many 
fruit-trees  acquire  from  their  fruits  ; and  to  that,  which  the  em- 
bryons  in  many  farinaceous  feeds  acquire  from  the  fpontaneous 
change  of  the  meal  in  their  cotyledons  ; though  perhaps  in  lefs  quan- 
tity and  purity. 

2.  A fecondary  procefs  to  this  I fuppofe  to  be  the  vinous  fermen- 
tation, in  which  much  carbon  becomes  united  to  oxygen  ; and  pro- 
bably at  the  very  inftant  of  their  combination,  while  they  are  yet  in 
the  form  of  a liquid,  and  not  of  a gas,  they  become  abforbed  by  the 
roots  of  plants.  The  heat,  which  is  perceived  in  the  hotbeds,  which 
are  uled  for  the  growth  of  cucumbers  and  melons,  is  produced  by 
this  union  of  oxygen  and  carbon,  or  by  the  generation,  of  fome  other 
acids,  as  of  phofphorus,  or  nitre. 

That  this  heat  is  owing  to  the  atmofpheric  air  combining  with 
fome  inflammable  bale,  and  producing  acidity  of  fome  kind,  appears 
from  the  following  experiment.  A few  years  ago  a gardener  told 
me  that  a hot-bed,  which  he  had  made  of  tanner’s  bark  with  fome 
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horfe  dung  and  (traw,  was  become  too  cold  for  the  growth  of  his 
pots  of  cucumbers.  He  was  defired  fimplv  to  turn  over  the  bed, 
and  (hake  every  part  of  it  in  the  air  with  his  fork,  as  he  lightly  re- 
placed it.  This  was  complied  with,  and  in  a few  days  I obferved  by 
touching  a (lick,  which  had  for  fome  hours  been  inferted  into  it,  that 
it  had  acquired  the  ufual  heat  of  a hot-bed. 

This  addition  of  heat  was  doubtlefs  acquired  from  the  air,  which 
was  recently  included  in  the  interftices  of  the  bed  by  its  being  turned 
over,  broken  into  fmall  pieces,  and  expofed  to  the  atmofphere  ; 
whence  new  acids  feem  to  have  been  generated,  and  carbon,  and  per- 
haps phofphorus  and  nitrogen,  rendered  foluble  in  water.  Great  heat 
is  produced  from  the  union  of  oxygen  with  thofe  bafes  of  acidity, 
which  in  large  Racks  of  new  hay  is  often  known  to  excite  real 
combuftion  ; the  violent  fermentation  of  which  may  be  partly  owing 
to  the  fugar,  which  is  depofited  in  the  joints  of  grafs  before  the  feeds 
are  ripe  for  their  nourifhment,  and  partly  to  a chemical  production 
of  fugar,  as  above  defcribed. 

3.  In  the  putrefactive  procefs  carbon  is  not  only  converted  into 
carbonic  acid,  as  above  related;  but  there  appears  to  be  a decom- 
pofition  of  water,  as  is  known  by  the  fmell  of  hydrogen  ; and  it  is 
probable,  this  inflammable  body  may  unite  with  carbon,  as  in  hy- 
drocarbonate gas,  and  thus  render  them  both  foluble  in  water,  and 
abforbable  by  the  veflels  of  vegetable  roots,  without  their  pafling  into 
an  acid  or  gafleous  form,  and  may  much  contribute  to  the  nutriment 
of  vegetables. 

4.  There  alfo  appears  at  the  end  of  the  putrefactive  procefs  to  be 
a junction  of  azote  with  oxygen  producing  the  acid  of  nitre,  which 
probably  may  contribute  much  to  promote  vegetation.  This  appears 
from  the  mode  of  procuring  that  acid  in  France  and  Pruflia,  and 
which  might  be  fuccefsfully  praCtifed  under  every  fhed  in  our  own 
farm-yards  ; as  it  conflfls  in  a due  mixture  of  vegetable  and  animal 
recrements  with  foil,  frequently  turned  over  to  expofe  it  to  the  air, 
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while  it  is  defended  by  a fhed  from  the  funfhine  and  rain ; which  is 
thus  at  the  fame  time  adapted  to  produce  the  quickeft  vegetation* 
and  to  generate  the  nitrous  acid. 

The  oxygen,  which  compofes  nitrous  acid,  is  believed  to  adhere 
more  weakly  to  its  bafe  the  azote,  than  in  the  compofition  of  other 
acids.  On  this  account  it  fo  readily  explodes  by  its  junction  with 
carbon  in  a given  degree  of  heat.  This  loofe  adherence  of  the  oxygen 
in  nitrous  acid,  like  that  of  hyper-oxygenated  marine  acid,  and  of 
the  oxygen  in  the  ore  of  manganefe,  and  of  fome  other  metallic 
oxydes,  may  adapt  them  to  promote  vegetation  by  their  more  readily 
parting  with  this  material  fo  effential  in  the  compofition  of  plants. 

5.  From  the  above  obfervations  it  appears,  that  when  the  foil  is 
turned  over  by  the  fpade  or  plough,  and  thus  acquires  atmofpheric 
air  in  its  interfaces,  and  in  confequence  becomes  warm  by  the  pro- 
dudtion  of  new  acids,  that  the  feeds  or  plants  fhould  be  inferted  as 
foon  as  convenient,  for  the  purpofe  of  their  receiving  the  moft  fa- 
lutary  effe<5t  of  thofe  operations.  Nor  (hould  this  be  obferved  only 
in  black  garden  mould,  or  well  manured  glebes,  where  carbon  or 
phofphorus  may  be  fuppofed  to  abound,  and  a proper  difpofition  for 
the  produ6tion  of  the  nitrous  acid,  but  in  thofe  clays  alfo  which  arc 
pure  enough  for  the  brick-kiln  or  the  pottery. 


IX.  MANURES  BY  CHEMICAL  DECOMPOSITION. 

T.he  ufe  of  fire  and  water  contributes  to  increafe  the  nourifhment 
of  mankind  by  rendering  many  vegetable  materials  innocuous,  and 
others  digeftable  in  the  animal  flomach  ; and  feems  particularly  effi- 
cacious in  promoting  the  faccharinc  procefs,  and  in  producing  muci- 
lage from  griftles,  horn,  hair,  and  perhaps  even  from  bones  by  means 
of  Papin’s  digefter.  Whether  this  art  could  be  advantageoufly  ufed 
for  the  purpofe  of  rendering  manures  capable  of  being  abforbed  by 
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vegetable  roots  in  a flate  of  lefs  decompolition,  than  by  the  flow  pro- 
cefs  of  putrefaction,  is  a queftion  of  curiofity  and  utility. 

Sugar  and  mucilage  are  certainly  abforbed  by  vegetables  without 
their  being  refolved  into  the  elements,  from  which  they  were  com- 
pofed  ; as  appears  in  the  fap-juice  which  flows  from  the  wounds  of 
birch  and  maple  trees  in  the  vernal  months  ; which  I am  informed 
will  pafs  into  fermentation  and  produce  wine  ; a procefs  which  fome 
modern  chemift  affirms  cannot  be  effected  by  fugar  alone  without 
the  addition  of  mucilage.  The  abforption  of  mucilage  feems  to  oc- 
cur in  the  germination  of  many  feeds,  as  of  barley  ; a part  of  the  meal 
of  the  cotyledon  is  evidently  converted  into  fugar,  but  another  part 
of  it  is  probably  abforbed  in  the  form  of  mucilage ; fome  of  which 
oozes  on  breaking  the  plumula  ; and  in  the  growth  of  thofe  feeds, 
which  contain  oil,  as  in  almond,  hemp,  rape,  and  line-feed,  it  is 
probable,  a part  of  the  undecompofed  oil  may  be  abforbed  by  the  um- 
bilical veffels  of  the  embryons  in  thofe  feeds. 

It  hence  feems  credible,  that  by  the  ufe  of  heat  and  water  the  art  of 
cookery  might  furnifh  mucilage,  fugar,  and  oil,  from  vegetable  or 
animal  materials ; which  might  be  converted  into  fap-juice  or  chyle, 
without  their  being  previoufly  reduced  into  their  elements ; and 
might  thus  facilitate  the  more  luxuriant  growth  of  plants,  as  they 
contribute  more  to  fatten  animals,  than  materials  of  lefs  combina- 
tion. 

2.  To  this  might  be  added,  that  the  putrefactive  procefs  may  be 
forwarded  by  heat  in  fome  materials  by  deftroying  the  life  of  the  ma- 
terial} as  in  roafting  apples  and  pears,  and  in  killing  the  roots  of  po- 
tatoes, or  the  feeds  of  corn.  Thus  Mr.  D , a friend  of  mine, 

had  twenty  ftrikes  of  potatoes,  which  he  withed  to  dry  on  a malt- 
kiln,  hoping  to  render  them  more  like  the  meal  of  wheat,  and  better 
to  preferve  them  during  the  fummer-months.  Whether  they  were 
fufficiently  dried  he  did  not  attend  to}  but  they  were  carried  into  a 
granary,  and  laid  on  heaps ; and  in  a week  or  two  became  fo  putrid, 
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that  the  fmell  was  infufterable,  his  fwine  refufed  to  eat  them,  and 
he  was  obliged  to  add  them  to  the  manure  of  the  dunghill. 

That  potatoes,  which  have  undergone  a certain  degree  of  heat, 
contribute  more  to  fatten  all  kinds  of  animals,  arifes  from  the  acri- 
mony of  their  rinds  being  deftroyed,  and  from  their  auftere  juices  be- 
ing converted  into  mucilage,  and  perhaps  a part  of  their  mucilage 
into  ftarch,  and  are  hence  ready  for  the  faccharine  and  oily  procelTes 
of  animal  digeftion.  A very  convenient  method  of  expofing  them 
to  fleam  is  defcribed  in  a late  ingenious  publication  of  the  Agricul- 
tural Society.  A fmall  boiler  is  fet  in  brick  work  under  a fhed,  fo 
that  the  flame  of  wood  or  coal  may  pafs  fpirally  round  it.  It  fhould 
be  covered  with  a double  lid  of  tin  or  wood  to  prevent  much  heat 
from  efcaping  ; and  may  have  a fand-joint  to  keep  the  Ream  in,  or  a 
little  moift  clay,  or  even  a wet  flannel  put  circularly  round  the  cover 
may  anfwer  this  purpofe. 

Near  this  furnace  is  to  be  fixed  a large  barrel  on  one  of  its  ends, 
with  a cover  on  the  other  end  ; which  may  be  occafionally  opened 
to  admit  potatoes,  and  clofed  again  fo  as  to  confine  the  fleam,  which 
is  to  be  derived  into  it  from  the  boiler  by  a double  pipe  one  within 
the  other,  of  tin  or  wood,  about  two  inches  in  diameter.  By  thefe 
means  a large  quantity  of  potatoes  may  be  rendered  much  more  nu- 
tritive to  animals,  and  I fuppofe  to  vegetables  (if  they  were  ufed  as 
manure),  as  they  may  thus  probably  be  abforbed  by  their  lafleals  or 
lymphatics  without  being  fo  much  decompofed  as  by  the  putrefa&ive 
procefs ; and  thus  produce  nutriment  in  lefs  time,  and  by  lefs  labour 
of  digeftion. 

If  the  fleam  could  be  made  hotter  than  boiling  water,  which  it  pof- 
fibly  may  in  the  veflel  above  defcribed,  if  the  water  in  it  rifes  but  a 
few  inches,  and  the  fleam  after  it  is  produced,  is  heated  above  212 
degrees  by  the  fides  of  the  boiler  above  the  water,  round  which  the 
flame  plays  fpirally,  the  fleam  thus  made  hotter  might  probably 
render  the  potatoes  more  mucilaginous  or  more  ftarchy. 
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3.  A ftill  more  effectual  method  of  diffolving  hard  vegetable  and 
animal  fubflances,  and  rendering  them  nutritive,  might  be  by  digeft- 
ing  them  for  fome  time  in  water  raifed  to  a much  greater  heat  than, 
that  of  boiling.  This  is  to  be  done  in  a clofe  veifel,  called  Papin’s 
digefter;  in  which  it  is  faid,  that  the  confined  water  may  be  made 
red  hot ; and  will  then  difiolve  hair,  horns,  hoofs,  bones,  tortoife- 
fhell,  and  all  animal,  and  perhaps  many  vegetable  matters  ; which 
might  thus  facilitate  their  decompofition  for  the  purpofes  of  manures, 
or  for  the  nutriment  of  many  animals  ; and  might  even  contribute  to 
the  food  of  mankind  in  times  of  fcarcity.  This  veflel  fhould  be  made 
of  iron,  and  fhould  have  an  oval  opening  at  top,  with  an  oval  lid  of 
iron  larger  than  the  aperture.  This  lid  fhould  be  flipped  in  endways, 
when  the  veflel  is  filled,  and  then  turned,  and  raifed  by  a fcrew  above 
it  into  contact  with  the  under  edges  of  the  aperture.  There  fhould 
alfo  be  a fmall  tube  or  hole  covered  with  a weighted  valve  to  pre- 
vent the  danger  of  .burfting  the  digefler. 

4.  Other  materials  might  be  rendered  more  eafily  digeftible,'  and 
thence  more  nutritive  to  animals,  and  perhaps  to  plants,  by  mechanic 
trituration  as  well  as  by  cookery ; if  the  labour  and  expence  were 
not  too  great ; as  the  grinding  of  grafies,  flraws,  and  farinaceous  feeds 
into  powder  between  mill-flones ; which  have  been  called  the  arti- 
ficial teeth  of  fociety,  It  is  probable,  that  fome  foft  kinds  of  wood 
ground  into  powder,  and  efpecially  when  they  have  undergone  a kind 
of  fermentation,  and  become  of  loofer  texture,  or  boiled  to  deftroy 
their  acrimony,  might  be  rendered  ufeful  food  for  fwine  or  horfes, 
and  even  for  mankind  in  times  of  famine. 

Nor  is  it  improbable,  that  hay,  which  has  been  kept  in  Racks,  fa 
as  to  undergo  the  faccharine  procefs,  may  be  fo  managed  by  grinding 
and  by  fermentation  with  yeafl:  like  bread,  as  to  ferve  in  part  for  the 
fuftenance  of  mankind  in  times  of  great  fcarcity.  Dr.  Prieftley 
gave  to  a cow  for  fome  time  a ftrong  infufion  of  hay  in  large  quantity 
for  her  drink,  and  found,  that  fhe  produced  during  this  treatment 
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above  double  the  quantity  of  milk.  Hence  if  bread,  cannot  be  made 
from  ground  hay,  there  is  great  reafon  to  fufpeft,  that  a nutritive  be- 
verage may  be  thus  prepared  either  in  its  faccharine  flate,  or  fer- 
mented into  a kind  of  beer. 

It  may  be  here  obferved,  that  it  is  believed  by  fome,  that  feeding 
horfes  with  ground  corn,  as  with  the  flour  of  beans  or  oats,  does  not 
flrengthen  them  nearly  fo  much  as  by  giving  them  the  fame  quantity 
of  oats  or  beans  whole.  Parkinfon,  Exper.  Farmer,  Vol.  I.  p.  227. 
It  is  aflerted  alfo  that  foup,  with  the  flefh-meat  boiled  down  into  a fluid 
mafs,  will  give  much  lefs  flrength  to  a man,  than  he  would  acquire 
by  eating  the  folid  meat,  of  which  the  foup  was  made.  The  reafon  of 
both  thefe  feems  to  arife  from  the  faliva  being  well  mixed  with  the 
mafticated  food,  and  in  greater  quantity  ; which  therefore  becomes 
more  animalized  aliment,  than  that  diflolved  in  water  alone,  and  is 
more  eafily  converted  into  nutriment. 

In  times  of  great  fcarcity  there  are  other  vegetables,  which  though 
not  in  common  ufe,  would  moft  probably  afford  wholefome  nourifh- 
ment,  either  by  boiling  them,  or  drying  and  grinding  them,  or  by 
both  thofe  procefles  in  fucceflion.  Of  thefe  are  perhaps  the  tops  and 
the  bark  of  all  thofe  vegetables  which  are  armed  with  thorns  or 
prickles,  as  goofeberry-trees,  holly,  gorfe,  and  perhaps  hawthorn. 
The  inner  bark  of  the  elm-tree  makes  a kind  of  gruel.  And  the  roots 
of  fern,  and  probably  very  many  other  roots,  as  of  grafs  and  of  clover, 
taken  up  in  winter,  might  yield  nourifhment  either  by  boiling  or 
baking,  and  feparating  the  fibres  from  the  pulp  by  beating  them ; or 
by  getting  only  the  {larch  from  thofe  which  polfefs  an  acrid  muci- 
lage, as  the  white  brionv. 

The  grinding  of  bones  to  powder  has  already  been  applied  to  agri- 
culture, and  the  chopping  of  woollen  rags  ; and  I fuppofe  the  tritu- 
ration of  alabafler,  and  of  chalk,  and  of  foft  bricks,  and  probably  of 
iron  ochres,  manganefe,  and  calamy,  might  well  repay  the  labour ; 
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after  a few  experiments  had  been  inftitnted  to  determine  the  quan- 
tity, which  ftiould  be  fire  wed  on  different  foils. 


i.  That  the  continual  growth  and  decay  of  animal  and  vegetable 
nature  increafes  the  quantity  of  fuch  matter,  as  is  fit  for  the  repro- 
duction of  organized  bodies,  is  evinced  by  the  increafing  fertility  of 
cultivated  countries  ; fince  even  in  thefe  a great  quantity  of  the  an- 
nual recrements  ofdecompofed  animals  and  vegetables  are  wafhed  by 
rains  from  the  foil,  and  carried  down  the  rivers  into  the  ocean  ; and 
in  many  fituations  of  foil  in  Africa  and  America,  which  have  been 
but  lately  cultivated,  there  exifts  a wonderful  fertility  from  the  aggre- 
gate remains  of  vegetable  and  animal  bodies;  which  have  for  un- 
counted ages  arilen  and  perifhed  there  ; and  which  have  either  left 
moraffes,  where  they  could  not  part  with  their  luperabundant  wa- 
ter; or  a fertile  earth,  fuch  as  in  our  gardens  and  church-yards, 
where  the  declination  of  the  ground  was  more  favourable. 

Some  countries  on  the  contrary  once  highly  cultivated  and  very 
populous  are  in  procefs  of  time  become  deferts  of  fand ; as  many 
parts  of  Syria,  and  the  diftriCts  about  Palmira,  and  Balbec.  This  has 
probably  been  owing  to  the  want  of  the  neceffary  moidure  in  thofe 
warm  and  landy  regions  ; which  was  formerly  iupplied  by  artificial 
derivations  of  water ; but  which  cealed,  after  their  inhabitants  were 
deftroyed  by  war  and  tyranny;  and  fecondly  to  the  rapid  Breams  oc- 
cafionally  poured  over  them  by  the  monfoon  floods  ; fimilar  to  thofe 
which  impoverifh  Abyffinia  and  Nubia,  while  they  fertilize  the  flat 
and  (howerlefs  provinces  of  Egypt. 

We  might  add,  that  all  calcareous  ftrata  are  now  believed  to  have 
been  produced  by  (hells  depofited  by  aquatic  animals  in  the  early  ages 
of  the  world ; and  that  the  materials,  which  eonftitute  the  ffrata  above 
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them,  have  afterwards  been  formed  by  the  recrements  of  terreftrial 
animal  and  vegetable  bodies.  Whence  it  may  be  concluded,  that  ve- 
getables and  animals  during  their  growth  increafe  the  quantity  of 
matter  fit  for  the  more  nutritive  food  of  organized  bodies,  or  of  that 
which  is  lefs  decompounded  ; while  they  muft  at  the  fame  time  occa- 
fionally  form  or  elaborate  a part  of  the  materials,  of  which  they  confifl, 
from  the  fimple  elements  of  hydrogen,  nitrogen,  carbon,  phofphorus, 
fulphur,  and  oxygen;  into  which  modern  chemiflry  has  refolved 
them  by  analyfis. 

And  laflly,  that  vegetables  can  acquire  nutrition  from  water  and 
air  alone  with  the  carbonic  acid,  which  floats  in  them,  appears  by 
the  experiments  of  thofe  philofophers,  who  have  nicely  enclofed  the 
roots  of  fome  plants  in  pots,  and  moiftened  them  with  diftilled  wa- 
ter ; and  from  hence  we  learn  an  efifential  diftindtion  between  vege- 
table and  animal  nature  ; the  former  can  elaborate  the  two  univerfal 
elements  of  water  and  air  into  nutritive  juices,  whereas  the  latter  is 
neceffitated  to  feek  more  compound  nutriment,  and  to  live  upon  the 
vegetables,  which  have  produced  it. 

2.  One  method  therefore  of  increafing  manures  may  be  by  repeat- 
edly propagating  and  deftroying  vegetable  crops  j as  by  railing  thofe 
of  quick  growth,  and  ploughing  them  again  into  the  foil  during  their 
faccharine  and  mucilaginous  ftate,  before  they  ripen  their  feeds  ; as  of 
vetches,  and  buck-wheat ; vicia  and  polygonum  ; and  thus  produc- 
ing a fuccefiion  of  crops  by  the  partial  decompofition  of  the  preced- 
ing ones.  And  it  is  probable  that  this  procefs  might  be  much  im- 
proved by  firewing  lime  over  the  recent'  vegetables,  at  the  time  of 
ploughing  them  in,  as  is  fhewn  in  No.  6.  5.  of  this  Section. 

3.  Another  mode  by  which  vegetable  matter  may  be  decompofed 
in  the  fummer  months,  and  at  the  fame  time  the  quantity  of  manure 
increafed,  is  by  the  depredation  of  infedts,  as  is  feen  in  wood,  which, 
is  fo  far  decompofing  as  to  become  tender,  and  is  then  con  fumed  by 
various  kinds  of  infedts,  whether  it  be  buried  beneath  the  foil,  or  ex- 
po fed 
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pofed  to  the  air.  And  I fufpedt,  that  the  excrement  and  the  bodies 
of  fuch  infedts  would  fupply  more  nutriment  to  vegetable  roots,  than 
if  the  vegetable  recrements  were  left  to  their  fpontaneous  or  chemi- 
cal diffolution  ; as  I fuppofe  the  bitter  excrementitious  powder  in  a 
filbert,  and  the  well  fed  maggot,  before  it  erodes  its  way  out,  would 
fertilize  more  barren  foil  than  an  emulfion  of  the  kernel. 

An  ingenious  obferver  of  nature  conveyed  water  on  a dunghill  in 
the  fummer  months  in  fuch  quantity,  as  to  make  a kind  of  femi- 
fluid  chaos,  for  the  purpofe  of  animating  the  whole  mafs.  It  be- 
came full  of  infedts,  and  was  ufed  in  the  autumn  as  manure,  and  he 
believed  with  much  greater  powers,  than  it  would  have  otherwife 
poflefTed. 

Hence  in  the  fummer  months  a manure-heap  may  be  advantage- 
oufly  fupplied  with  water  for  the  purpofe  of  encouraging  the  propa- 
gation and  nourifhment  of  myriads  of  infedts ; but  in  the  winter  fea- 
fon  it  fhould  not  be  expofed  to  much  moiflure ; or  that  which  drains 
from  it  fhould  be  derived  fpontaneoufly  on  lower  grounds,  or  con- 
veyed to  higher  ones  by  pumps  or  water  carts  ; as  it  probably  con- 
fifls  of  a folution  of  carbon  by  means  of  vegetable  alkali ; or  of  a mix- 
ture of  it  in  water  by  mucilage ; and  is  thought  to  fertilize  the 
ground  more  than  the  other  parts  of  the  manure  heap.  In  the  tran- 
fadtions  of  fome  provincial  Society  there  is  an  account  of  much  fixed 
vegetable  alkali  having  been  obtained  from  the  evaporation  of  the  wa- 
ter, which  oozed  from  dunghills ; and  M.  Rouelle  has  obferved,  that 
fixed  alkali  diffolves  a confiderable  quantity  of  charcoal  by  fufion. 
Fourcroy’s  Elem.  of  Chemift.  Vol.  IV.  p.  125. 

4.  Another  great  fource  of  infedt-manure  may  be  obtained  from 
the  myriads  of  fmall  fifh,  by  thofe  who  live  near  the  ocean  ; which  by 
mixing  them  with  foil  fo  as  to  make  what  is  termed  a comport,  will 
much  add  to  the  fertility  of  the  land,  on  which  it  is  afterwards  fpread, 
more  fo  perhaps  than  any  other  material  except  the  flefli  of  land-ani- 
mals. In  China  it  is  faid  that  the  fpawn  of  fifh  in  the  proper  feafon 
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brought  to  market,  and  purchafed  for  the  purpofe  of  peopling  the 
floods  on  their  rice  grounds  with  fiflh,  part  of  which  becomes  large 
enough  to  be  fried  and  eaten  by  the  land  cultivator ; and  the  reft 
ferves  the  purpofe  of  fertilizing  the  foil,  when  the  floods  are  drawn 
off,  by  their  death  and  confequent  decompofition. 

XI.  PRESERVATION  OF  MANURES. 

1.  The  fertility  of  all  countries  depends  on  the  faving  and  ufing 
thofe  kinds  of  matter,  which  are  fit  for  the  reprodudtion  of  organiz- 
ed  bodies.  There  is  a proverb  in  China,  that  for  this  purpofe  a wife 
man  faves  even  the  parings  of  his  nails,  and  the  clippings  of  his  hair. 

One  great  wafte  of  manure  in  this  country,  and  in  moft  others, 
is  from  the  frequent  rains  wafhing  down  the  diffufible  and  foluble 
parts  of  the  foil  into  the  muddy  rivers  ; fo  that  every  flood  from 
fudden  fhowers  carries  into  the  fea  many  thoufand  pounds  worth  of 
the  matter  of  fertility  ; and  thus  diminifhes  fo  much  the  food  of  ter- 
reftrial  animals,  however  it  may  add  to  the  fuftenance  of  marine 
ones.  The  Delta  of  Egypt,  and  a diftridt  in  South  America  near 
the  foot  of  the  Andes  mentioned  by  Ulloa,  are  faid  by  the  fituation 
of  the  furrounding  country  to  be  free  from  rain,  though  they  have 
frequent  dews  ; and  to  this  circumftance  they  may  in  part  owe  their 
increafing  fertility. 

In  this  country  the  fnow-floods,  which  occur  after  a continued 
froft,  are  lefs  injurious  than  thofe  from  rains  ; as  the  flreams  of  wa- 
ter from  the  upper  furface  of  the  diffolving  ice  flows  over  the  under 
furface  of  it  not  yet  diffolved  ; and  the  foil  is  not  agitated  as  in  rain 
by  the  percuffion  of  the  defcending  drops;  infomuch  that  in  fnow- 
floods  the  rivers  are  fcarcely  muddy ; whence  thefe  floods  may  be 
readily  diftinguithed  from  land-floods  by  the  eye,  and  are  much  lefs 
injurious. 

Great  attention  thould  therefore  be  (hewn  to  the  preventing  fmall 
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fhowers  from  wafhing  away  the  foluble  parts  of  good  foil.  For  this 
purpofe  all  hills  fhould  be  ploughed  horizontally,  and  not  in  amend- 
ing and  defcending  furrows.  Defcending  plains  of  grafs-ground  might 
alfo  be  laid  with  horizontal  ridges  and  depreffions  j by  which  ma- 
nagement fhowers  will  lie  a few  hours  in  the  horizontal  furrows  or 
depreffions,  and  either  exhale  or  foak  into  the  ground  ; and  in  very  wet 
feafons  thefe  may  eafily  by  the  fpade  be  opened  into  each  other,  if  the 
water  is  found  to  lie  too  long  upon  them,  fo  as  to  produce  too  much 
cold  by  its  evaporation,  or  too  great  foftnefs  by  its  abforption  into 
the  foil. 

2.  Secondly,  the  manures  of  towns  and  cities,  which  are  all  now 
left  buried  in  deep  wells,  or  carried  away  by  foughs  into  the  rivers, 
fhould  be  removed  by  a police,  which  is  faid  to  exift  in  China ; and 
carried  out  of  towns  at  Rated  intervals  of  time  for  the  purpofes  of 
agriculture  ; which  might  be  performed  in  the  night,  as  is  done  in 
Edinburgh  ; or  by  means  of  large  bafons  or  refervoirs  at  the  extre- 
mities of  the  common  fhores,  or  foughs  for  the  reception  of  the  ma- 
nure, before  it  is  wafhed  into  rivers.  See  Embaffy  to  China  by  fir 
G.  Staunton,  Vol.  III.  p.  308,  8vo.  edit. 

It  has  been  believed  by  fome  writers  in  the  American  Medical  Re- 
pofitory,  that  the  peffilential  fever,  which  has  of  late  infefted  that 
country,  was  in  part  produced  or  propagated  by  the  filth  of  the  ftreets 
of  New  York.  Dr.  S.  L.  Mitchill  adds  to  his  chemical  remarks  on 
manures,  “ it  muft  be  welcome  intelligence,  that  the  colledled 
mafs  of  nuifance,  which  we  are  now  with  fuch  happy  fuccefs  en- 
gaged in  removing  from  the  city  of  New  York,  is  convertible  by  the 
powers  of  vegetation  from  poifon  to  wholefome  articles  of  food  ; and 
thus  the  purity  and  healthinefs  of  the  towns  may  contribute  to  the 
thriftinefs  and  wealth  of  the  furrounding  country.”  Medical  Journal, 
No.  I. 

3.  Thirdly,  there  fhould  be  no  burial  places  in  churches  or  in 
church-yards,  where  the  monuments  of  departed  finners  fhoulder 
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God’s  altar,  pollute  his  holy  places  with  dead  men’s  bones,  and  pro- 
duce by  putrid  exhalations  contagious  difeafes  among  thofe  who  fre- 
quent his  worflfip.  But  proper  burial  grounds  fhould  be  confecrated 
out  of  towns,  and  divided  into  two  compartments,  the  earth  from  one 
of  which,  faturated  with  animal  decompofition,  fhould  be  taken  away 
once  in  ten  or  twenty  years,  for  the  purpofes  of  agriculture  ; and 
fand  or  clay,,  or  lefs  fertile  foil,  brought  into  its  place. 

A great  rife  of  the  foil,  from  the  remains  of  the  bodies  entombed 
in  it,  is  feen  round  the  churches  of  almoft  all  populous  towns ; fo 
as  to  have  rendered  it  neceflary  to  defcend  by  feveral  fteps  into  thofe 
churches,  which  were  originally  built  fo  as  to  require  fteps  to  afcend 
into  them  ; as  may  frequently  be  feen  by  the  bafe  of  the  architec- 
ture. Nor  would  the  removal  of  this  earth,  if  the  few  bones,  which 
might  be  found,  were  again  buried  for  a further  decompofition,  be 
likely  to  fhock  the  relations  of  the  deceafed  ; as  the  fuperftition  con- 
cerning the  earth,  from  which  we  rofe,  and  into  which  we  return, 
has  gradually  vaniftied  before  the  light  of  reafon ; as  occurred  about 
thirty  years  ago  in  removing  much  rich  earth  from  the  clofe  of  the 
cathedral  at  Lichfield,  and  more  lately  in  changing  a burying  ground 
at  Shrewfbury;  both  which  were  executed  without  fuperftitious 
terror,  or  popular  commotion. 

4.  Fourthly,  a great  wafte  of  the  materials  of  fertility  occurs  in  all 
countries,  and  cannot  eafily  be  avoided,  in  the  confumption  by  fire 
of  fo  much  wood  inftead  of  coal.  Whence  the  mucilage,  and  other 
nutritious  juices,  which  exift  in  the  fire-wood,  are  decompofed  into 
their  elements  ; and  the  carbon  united  with  oxygen  is  diffufed  in  the 
atmofphere,  and  in  part  carried  by  the  winds  into  the  furrounding 
ocean  ; inftead  of  the  manures  occafioned  by  the  flow  decompofition 
of  it  upon  or  beneath  the  foil,  or  by  the  depredation  of  infeds  ; 
which  might  fupply  lefs  decompofed  nutriment  to  the  abforbent  roots 
of  plants. 

This  may  be  more  eafy  to  conceive,  if  we  compare  the  little  vege- 
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table  nutriment,  which  could  be  derived  from  the  fmall  quantity  of 
afhes  left  from  a cart-load  of  burnt-draw,  with  that  which  would 
arife  from  the  fame  quantity  of  draw  mixed  with  fome  animal  re- 
crements, and  made  into  a manure  heap.  A dill  greater  diminution 
of  ufeful  manure  would  be  made  by  burning  fhavings  or  rafpings  of 
horn,  or  woollen  rags,  or  hair,  or  flefh  ; as  a nutritive  mucilage 
would  be  thus  decompofed  into  its  elements,  which  might  otherwife 
have  been  gradually  diflolved  beneath  the  foil,  and  abforbed  by  the 
roots  of  vegetables  nearly  in  an  unaltered  ftate  ; as  jellies  and  mu- 
cilage are  known  to  be  drank  up  by  the  ladeals  of  animals  ; and, 
when  drank  in  too  great  abundance,  to  appear  almod  unchanged  in 
their  urine. 

It  mud  hence  appear,  that  the  numerous  fires  of  a great  city,  if 
fupplied  with  wood  inflead  of  coals,  as  in  Paris,  mud;  very  much  im- 
poverifli  a great  part  of  the  country  which  fupplies  it ; not  only  in 
the  neceflity  of  ufing  large  tra&s  of  land  for  the  growth  of  fire- wood, 
but  alfo  becaufe  fo  fmall  a part  of  it  returns  as  manure.  There  is  a 
provident  adage  of  general  benevolence,  “ Burn  nothing  which  any 
animal  will  eat that  is,  “ Burn  nothing  which  may  nourifh  ani- 
mals by  its  digedion  in  their  flamachs.”  May  not  the  fame  bene- 
volent idea  be  extended  to  the  vegetable  world,  and  fay,  “ Burn  no- 
thing which  may  nourifh  vegetables  by  its  flow  decompofition  be- 
neath the  foil,  which  conftitutes  their  domachs.” 

5.  It  may  be  a matter  of  ufe  as  well  as  of  curiofity  to  afcertain  the 
fituations  and  circumdances  mod  favourable  for  promoting  the  fpon- 
taneous  decompofition  of  vegetable  fubflances  ; which  may  confift 
perhaps  in  the  due  quantity  of  air,  water,  and  heat,  with  a fuffieient 
proportion  of  animal  fubdances,  and  finally  an  admixture  of  lime  to- 
ward the  end  of  the  procefs. 

1.  In  a cellar  covered  with  an  arch  of  bricks,  and  clofed  with  a 
very  drong  door,  I once  obferved,  that  a deal  fhelf  two  inches  ill. 
thicknefs  was  decayed,  fo  as  to  fall  down  with  fome  wine  bottles  on 
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it,  in  about  four  years.  This  fudden  decay  I believed  to  have  been 
owing  to  the  unchanging  moifture  of  the  board,  and  at  the  fame 
time  to  its  expofure  to  unchanged  air  without  the  power  of  much  ex- 
halation ; by  which  a llow  fermentation  was  induced,  and  a confe- 
quent  flow  putrefaction,  unchecked  by  the  extremes  either  of  heat 
or  cold. 

For  the  fame  reafon  I fuppofe  the  wooden  fupporters  of  bridges 
decay  firft  juft  above  the  furface  of  the  water  ; and  pieces  of  timber 
buried  but  a few  inches  under  ground,  which  are  there  expofed  to 
the  influence  both  of  water  and  air,  go  quicker  into  fermentation, 
and  confequent  putrefadtion,  than  thofe  pieces  of  timber,  which  are 
many  feet  buried  beneath  the  foil,  or  immerfed  deep  in  water;  which 
in  that  fituation  continue  unchanged  for  ages.  The  fame  feems  to 
occur  in  the  vinous  fermentation,  which  is  inftantly  checked,  if  not 
totally  flopped,  by  bunging  the  barrel,  or  corking  the  bottle,  which 
contains  it,  and  thus  precluding  the  accefs  of  atmofpheric  air. 

2.  From  hence  it  may  be  concluded,  firft,  that  the  vegetable  and' 
animal  fubftances,  which  we  wifti  foon  to  become  decompofed  by 
the  fermentative  and  putrefadive  procefles,  fhould  be  expofed  to  an 
uniform  moifture,  though  not  covered  deep  with  water ; as  is  gene- 
rally pradifed  in  the  firft  part  of  the  preparation  of  hemp  or  flax, 
which  is  defigned  to  diflolve  the  mucilage,  and  the  cellular  mem- 
brane of  thofe  vegetables,  without  injuring  the  ligneous  fibres.  And 
that  they  fhould  be  fo  far  accumulated  as  not  too  much  to  exhale ; 
yet  not  to  lie  in  fuch  large  heaps,  as  entirely  to  preclude  the  accefs 
of  air  from  the  interior  parts  of  them. 

The  manures  of  great  farms  fhould  therefore  be  occafionally  re- 
moved from  the  fold-yards,  or  large  refervoirs  of  it,  and  laid  in  fmall 
heaps  not  only  to  increafe  its  furface  expofed  to  the  external  atmor 
fphere,  for  the  purpofe  of  exciting  greater  fermentation,,  which-  is  a 
flow  combuftion ; but  alfo  that  air  may  be  imprifoned  in  the  interftices 
of  thefe  manure-heaps,  as  mentioned  in  No.  8.  2.  of  this  Sedion. 
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It  fhould  then  be  ufed  on  or  in  the  foil,  as  it  afterward  lofes  much 
of  its  nutritive  qualities  by  evaporation,  or  finking  into  the  ground, 
or  draining  away. 

3.  A due  degree  of  heat  is  neceffary  for  the  commencement  of 
fermentation  and  putrefaction,  as  both  vegetable  and  animal  materials, 
as  fruit  or  flefh,  may  be  preferved  for  years  if  kept  in  an  ice-houfe 
below  the  freezing  point  of  32.  And  alfo,  I am  told,  if  they  could 
be  kept  in  an  uniform  degree  of  heat  above  the  boiling  point  of  212. 
After  the  commencement  of  either  of  thefe  proceffes  a quantity  of 
heat  is  evolved  from  the  combination  of  the  oxygen  and  carbon, 
which  contributes  to  forward  the  proceffes  by  promoting  the  union 
of  the  next  particles  of  oxygen  and  carbon  ; which  may  thence  be 
compared  to  a flow  combuftion,  or  to  a gradual  explofion  of  gun- 

This  heat  therefore  fhould  be  managed  with  fome  addrefs,  as  a 
great  quantity  of  it  would  calcine  or  evaporate  to©  much  of  the  ma- 
terials, and  leave  the  remainder  a lefs  profitable  mafs  ; as  happens,  I 
am  informed,  to  fome  parts  of  thofe  heaps  of  manure,  which  are 
ufed  in  the  manufactory  of  white  lead  ; while  on  the  contrary,  when 
the  heat  is  too  fmall,  as  in  fevere  froft,  thefe  proceffes  of  decompo- 
fition  will  not  commence,  or  may  be  flopped  in  their  progrefs.  In 
the  former  cafe,  where  the  heat  is  too  great,  it  may  be  checked  by 
covering  the  whole  manure-heap  with  foil  and  turf,  and  thus  pre- 
venting the  accefs  of  air.  And  when  the  heat  is  too  fmall,  as  in 
old  hot  beds,  it  may  be  renewed  or  promoted  by  turning  the  heap 
over  with  the  fpade,  and  thus  confining  a new  quantity  of  air  in  its 
interflices.  On  thefe  accounts  it  appears,  that  in  the  vernal  and  au- 
tumnal months  thefe  proceffes  muff  fucceed  better  than  in  the  win- 
ter or  the  fummer  ones. 

4.  Toward  the  end  of  the  putrefa£live  procefs  the  materials  fhould 
be  repeatedly  turned  over  with  the  fpade,  not  only  for  the  purpofe  of 
fimply  expofing  their  interior  parts  to  the  atmofphere,  but  alfo  of  in- 
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eluding  air  in  the  interfaces ; as  the  union  of  carbon  with  oxygen, 
and  probably  of  azote  with  hydrogen,  feems  thus  to  be  occafioned  ; 
by  which  the  three  la  ft  of  thefe  elements  may  change  from  a gafle- 
ous  ftate  into  a fluid  one,  and  thus  become  abforbed  by  vegetable 
roots. 

Laftly,  I conclude  that  in  general  the  manure  heap  before  ftables, 
or  in  the  fold-yard,  fhould  be  placed  on  a gently  rifing  eminence,  with 
a bafon  beneath  it,  that  the  fuperfiuous  water,  which  would  other- 
wife  prevent  the  fermentation  of  the  ftraw,  may  drain  off  and  be 
there  received  ; and  that  into  this  bafon,  as  often  as  a fluid  appears  in 
it,  fome  earth,  or  weeds,  or  leaves,  or  faw-duft,  or  other  vegeta- 
ble or  animal  recrements  fhould  be  thrown  ; the  fermentation  and 
putrefadion  of  which  will  be  thus  forwarded,  and  the  carbonic  drain- 
ing from  the  manure- heap  will  not  be  loft. 

5.  The  admixture  of  lime  with  this  carbonic  foil  is  found  by  daily 
experience  to  produce  the  moft  fertile  compofitions  for  the  growth 
of  vegetables,  and  for  the  produdion  of  nitre.  The  great  ufe  of  ni- 
trous acid  in  vegetation  has  long  been  acknowledged,  and  that  of 
hyper-oxygenated  marine  acid  appears  probable  from  recent  experi- 
ments ; and  would  feem  to  be  occafioned  by  the  more  loofe  adhefion 
of  the  oxygen  in  thofe  acids  to  their  refpedive  bafes  ; which  may 
therefore  in  its  fluid  ftate  be  more  readily  abforbed  by  vegetable  roots. 
One  ufe  therefore  of  the  admixture  of  lime  in  fuch  a compoft  of  foil 
and  manure  is  to  arreft  the  nitrous  acid,  as  it  is  formed,  and  by  mak- 
ing a calcareous  nitre,  prevent  its  exhalation,  or  its  eafy  elutriation 
from  the  other  materials. 

6.  A principal  circumftance  for  the  quicker  and  more  perfed  de- 
compofition  of  vegetable  recrements  is  a due  quantity  of  animal  mat- 
ter, and  their  being  properly  mixed  together;  as  appears  from  the 
early  experiments  of  fir  John  Pringle  and  Macbride,  and  by  daily  ex- 
perience. There  is  neverthelefs  great  negled  in  this  refped  in  all 
thofe  farm-yards,  where  the  fwine  have  their  food  in  fixed  ftone- 
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troughs,  from  which  the  refufe  is  occafionally  wafhed  or  fwept. 
Whereas  if  wooden  moveable  fwine-troughs  were  always  placed  on 
the  fummit  of  the  heaps  of  dry  ftraw,  the  quantity  of  their  fwill, 
confifting  of  broth,  whey,  and  other  vegetable  and  animal  matter, 
which  thefe  animals  wafte  in  their  contention  for  it,  would  generate 
early  putrefactive  procefles  ; befides  their  mixing  the  fubftances  w'ell 
together  with  their  feet,  and  adding  to  it  their  urine  and  ordure. 

Befides  this  inattention  to  the  manure-heap  in  many  houfes  the 
wafhings  of  boilers,  and  milk -pans,  and  difhes,  as  well  as  the  foap- 
fuds,  which  are  all  of  them  manures  of  the  mod  productive  kind, 
are  thrown  into  the  common  fewer,  inftead  of  being  derived  or  car- 
ried to  the  garden  or  the  ftraw-yard. 

7.  Another  inattention  to  the  production  of  manures  concerns  the 
heaps  of  common  weeds,  and  of  dock-roots,  and  of  cabbage-ftalks, 
and  the  roots  of  twitch -grafs ; which  improvident  farmers  and  gar- 
deners frequently  throw  into  the  high  roads,  or  confume  with  fire; 
and  which  if  laid  on  heaps,  and  occafionally  turned  over,  and  co- 
vered with  foil,  will  quickly  die,  and  pafs  into  fpeedy  fermentation 
from  the  fugar  and  mucilage,  which  they  contain  ; and  if  to  thefe  a 
portion  of  lime  be  added,  I am  informed  by  one  who  made  the  expe- 
riment, that  the  whole  was  decompofed  in  a fhort  time,  and  manure 
of  the  beft  kind  was  the  produCt. 

The  fame  fhould  be  praCtifed  with  the  leaves  which  fall  in  autumn 
on  grafs  land,  efpecially  from  thofe  orchards,  or  hedges,  or  from 
goofeberry-trees,  which  have  been  infefted  with  caterpillars  ; fince  I 
am  told  the  eggs  of  a future  race  of  thefe  infcCts  are  frequently  de- 
pofited  on  the  leaves,  and  hatched  on  or  beneath  the  foil  in  the  en- 
fuing  fpring.  Thefe  therefore  fhould  be  removed  from  the  roots  of 
fuch  trees,  and  converted  into  manure  by  the  procefs  above  men- 
tioned. 

Along  with  the  weeds  and  leaves  above  mentioned  I fhould  ftrongly 
recommend  to  the  induftrious  agricultor  to  colleCt  the  water-plants 
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which  grow  in  great  abundance  in  lakes  and  rivers,  for  the  purpofe 
of  manure;  which  at  prefent  are  employed  to  no  advantage.  Thefe 
might  be  moved  twice  a year,  as  it  is  probable  that  thefe  vegetables 
in  their  younger  ftate,  as  the  typha,  or  cat’s-tail ; the  butomus,  or 
flowering-rufh  ; nymphaea  and  alifma,  as  well  as  many  other  aquatic 
plants,  would  give  better  manure,  or  fooner  become  fufficiently  de- 
compofed,  during  their  more  faccharine  and  mucilaginous  ftate,  than 
when  they  have  acquired  more  fibrous  leaves,  and  more  woody 
ftems. 

By  thus  expofing  the  roots  and  tops  of  weeds  to  fermentation, 
their  feeds  would  alfo  be  deflroyed  as  well  as  the  vegetative  power 
of  their  roots  ; and  on  this  account  the  hay-feeds  collected  from 
ftacks,  which  have  fermented  too  violently,  fo  as  to  become  black  by 
this  flow  combuftion,  are  frequently  fo  much  injured  as  not  to  vege- 
tate, to  the  great  difappointment  of  the  fower,  a circumftance  which 
alfo  fometimes  occurs  in  ftacks  of  wheat,  as  mentioned  in  Setft. 
XVI.  7.  1, 

8.  Laftly,  peat,  fo  well  underfbood  and  fo  ftrongly  recommended 
by  Lord  Dundonald,  is  too  much  neglected  in  agriculture.  The  peat 
or  turf,  which  conftitutes  the  folid  parts  of  moraftes,  as  it  confifts 
of  vegetable  fibres  in  different  ftates  of  decompofition,  may  be  laid 
on  clayey  or  fandy  foils  with  the  greateft  advantage  ; and  ought  to  be 
confidered  as  an  ineftimable  treafure  to  the  farms  in  its  vicinity.  Or 
it  may  previoufly  be  laid  on  heaps,  and  thus  mixed  with  air  and 
drained  from  water  for  further  decompofition,  with  or  without  the 
addition  of  lime. 

XII.  APPLICATION  OF  MANURES. 

Two  queftions  of  importance  here  prefent  themfelves.  As  the 
fpontaneous  or  chemical  changes  of  manure-heaps  in  farm-yards  gra- 
dually progrede  from  the  faccharine  and  mucilaginous  commence* 
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ment  through  a great  variety  of  other  fermentations  ; which  can 
only  be  named  from  the  principal  material,  which  each  of  them  pro- 
duces, as  carbonic  acid,  alcohol,  vinegar,  volatile  alkali,  hydrogen, 
nitrous  acid,  and  finally  carbonic  earth.  At  what  era  or  ftage  of 
this  decompofition  of  vegetable  and  animal  fubftances  can  they  be 
mod:  advantageoufly  applied  to  the  purpofes  of  agriculture  ? and  fe- 
condly,  at  what  time  of  the  year  ? 

1.  In  refpedt  to  the  era  of  the  progrefs  of  the  decompofition  in 
manure-heaps,  in  which  they  may  be  mod:  advantageoudy  applied  in 
agriculture,  the  particular  purpofe  of  that  application  mud:  be  attend- 
ed to.  Where  they  are  defigned  to  be  fpread  on  the  furface  of  grafs 
lands,  as  a top-drefling,  the  accumulations  of  vegetable  and  animal  re- 
crements fhould  be  permitted  to  go  through  the  various  fpontaneous 
procefTes  of  decompodtion,  which  begin  with  the  faccharine  and  mu- 
cilaginous date,  and  end  with  the  production  of  carbonic  earth, 'with 
many  kinds  of  intermediate  fermentations,  if  they  may  be  fo  called, 
which  accompany  or  fucceed  each  other,  and  which  I believe  to  be 
more  in  number  than  have  had  names  applied  to  them. 

Rut  that  lefs  of  the  fertilizing  materials,  whether  of  foluble  fo- 
lids,  or  of  fluids,  or  of  gaffes,  may  be  loft  in  thefe  feries  of  fermenta- 
tions; it  is  a very  advantageous  management  to  cover  them  with 
foil,  when  the  fir  ft  fermentation  is  advanced,  as  is  known  by  the  pro- 
duction of  confiderable  heat ; or  when  the  putrefaClive  one  has  com- 
menced, which  is  known  by  the  fmell  of  volatile  alkali,  or  of  hydio- 
gen.  By  this  method  the  too  great  rapidity  of  thefe  fermentations 
is  checked,  and  the  fluid  part  of  the  manure  is  retained  by  the  addi- 
tion of  the  foil  below,  and  the  gaffeous  part  by  that  above  ; and  if  to 
this  be  afterwards  added  a proportion  of  lime,  which  by  uniting  with 
the  nitrous  acid  may  retain  it  from  exhalation  or  from  alluviation, 
every  thing  is  preferved  that  art  can  accomplifh. 

Where  manure-heaps  are  to  be  ploughed  into  clayey  foils,  which 
are  liable  to  become  too  folid  and  impenetrable  to  the  root-fibres  of 
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feeds,  as  of  wheat ; or  where  knobby  or  bulbous  toots  are  to  be  in- 
ferted  to  produce  other  knobs  or  bulbs  beneath  the  foil,  as  potatoes  ; 
it  is  probably  more  advantageous  to  bury  the  manure  in  a lefs  de= 
compofed  Rate,  while  fome  of  the  ftraw  retains  its  form  ; as  fuch 
parts  by  their  flower  decompofition  will  longer  prevent  the  fuper-in- 
cumbent  foil  from  becoming  too  folid  ; and  though  they  will  in  this 
fituation  require  fome  time  before  they  will  be  perfectly  decompof- 
ed,  and  reduced  to  the  black  carbonic  earth  ; yet  they  will  in  the 
end  totally  decay,  and  give  the  fame  quantity  of  nutriment  to  the 
roots,  though  it  may  be  more  gradually  applied. 

2.  In  refpedl  to  the  time  of  year  thofe  manures,  which  are  to  be 
ploughed  or  dug  into  the  ground,  fhould  be  ufed  immediately  before 
fowing  the  feeds  or  fetting  the  roots,  which  they  are  defigned  to  nur- 
ture ; becaufe  the  atmofpheric  air,  which  is  buried  along  with  the 
manure  in  the  interfaces  of  the  earth,  and  which  for  many  weeks, 
or  even  months,  renders  the  foil  loofe,  and  eafily  imprefled  by  the 
foot  on  walking  on  it,  gradually  evolves  by  its  union  with  carbon  a 
genial  heat  very  friendly  to  vegetation  in  this  climate,  as  well  as  the 
immediate  produ&ion  of  much  fluid  carbonic  acid,  and  probably  of  a 
fluid  mixture  of  nitrogen  with  hydrogen,  which  are  believed  to  fup- 
ply  much  nutriment  to  plants. 

But  thofe  manures,  which  are  defigned  to  be  fpread  on  the  furfacc 
of  grafs-land,  which  is  called  the  top-dreffing,  are  befl:  applied,  I 
fufpe£t,  in  the  early  fpring ; and  fhould  be  difperfed  over  the  foil  al- 
moft  in  a ftate  of  powder,  or  in  lumps  of  very  loofe  cohefion  j as  at 
this  time  the  vernal  fhowers  wafh  them  into  the  foil ; and  they  are 
applied  to  the  roots  of  the  grafs,  before  their  eflential  parts  are  dimi- 
nifhed  by  winter  rains  or  by  fummer  exhalation.  There  are  fome  in 
Derbyfhire,  who  fpread  manure  even  on  the  meadows,  which  are  an- 
nually overflowed  by  the  Trent  or  Derwent,  at  the  end  of  fummer, 
or  as  foon  as  the  grafs  is  mowed  and  removed  ; which  appears  to  be 
an  improvident  management,  fince  the  aftermath,  or  autumnal  grafs, 
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is  thus  rendered  unpalatable  to  the  cattle  ; and  the  winter  rains,  or 
the  vernal  floods,  which  generally  occur  with  the  return  of  the 
fouth-weft  winds,  after  the  feafon  of  froft  ceafes,  mud  wafh  away 
a great  part  of  it. 

In  refpeCt  to  the  moft  economical  manner  of  ufing  manures  in 
agriculture  Mr.  Parkinfon  afl'erts,  that  one  great  advantage  of  the 
drill-hufbandry  confifts  in  putting  the  manure  into  drills,  which  he 
dire&s  to  be  made  at  two  feet  difiance  from  each  other.  He  fows 
wheat,  beans,  peas,  cabbages,  on  this  manure,  and  affirms,  that  four 
loads  of  manure  on  an  acre  in  this  kind  of  hufbandry  is  equal  to 
flxteen  loads  in  the  ufual  way  of  fpreading  it  over  the  whole  of  the 
field.  Experienced  Farmer,  Vol.  I.  p.  32. 

3.  A third  quefiion  here  prefents  itfelf,  if  the  recrements  of  ve- 
getable and  animal  bodies  buried  a few  inches  beneath  the  foil  un- 
dergo the  fame  decompofition,  as  when  laid  on  heaps  in  farm-yards. 
And  though  this  is  accomplifhed  more  (lowly,  yet  it  is  attended  with 
lefs  lofs  of  carbonic  acid,  and  of  volatile  alkali,  and  of  hyrogen,  and 
of  the  fluid  matter  of  heat ; all  which  are  emitted  in  great  quantity 
during  the  rapid  fermentations  of  large  heaps  of  manure,  and  are 
wafted  in  the  atmofphere,  or  on  unprolihc  ground  ; would  it  not 
in  general  be  more  economical  to  bury  fuch  vegetable  and  animal 
matters  beneath  the  foil  without  a previous  fermentation  and  putre- 
faction ? 

In  anfwer  to  this  it  muft  be  obferved,  that  in  fome  cafes  the  ufe 
of  recent  vegetables  ploughed  into  the  earth  is  found  of  advantage, 
as  in  fandy  foils  buck-wheat,  or  vetches,  are  fown,  and  the  crop 
ploughed  in,  before  it  ripens  its  feeds.  In  this  circumftance  the  re- 
cent crop  is  buried  in  its  faccharine  and  mucilaginous  ftate,  which 
muft  undergo  indeed  a flower  fermentation,  without  being  mixed 
with  animal  fubftances,  but  no  part  of  the  organic  matter,  nor  of  the 
fluid  heat,  is  loft  to  the  purpofes  of  new  organization. 

So  in  the  cultivation  of  clayey  lands,  whofe  tenacity  is  too  great ; 
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or  where  knobby  roots,  as  potatoes,  are  to  be  inferted  for  the  produc- 
tion of  other  knobby  roots  beneath  the  foil ; long  muck,  as  it  is  call- 
ed, or  fuch  which  is  only  fo  far  decompofed  as  to  diflolve  the  mu- 
cilage or  more  tender  veflels  or  membranes,  but  in  which  the  form 
of  the  fibrous  or  ligneous  parts  of  the  ftraw  remains,  is  recommend- 
ed above ; and  may  in  thefe  fituations  perhaps  be  ploughed  into  the 
ground  even  in  their  mo  ft  early  ftate,  when  rejeded  from  the  ftable 
or  cowhoufe,  before  the  commencement  of  their  fpontaneous  diflo- 
lution. 

So  alfo  in  gardens,  which  are  already  fertile,  and  do  not  want  the 
immediate  aftiftance  of  mature  manure,  it  may  be  more  economical 
to  bury  the  weeds,  as  the  ground  is  dug,  than  to  convey  them  to 
a manure-heap,  and  replace  them  after  a twelvemonth’s  decompo- 
fition. 

But  where  a luxuriant  crop  is  immediately  wanted,  a manure-heap 
towards  the  end  of  the  putrefactive  procefs  by  being  recently  in- 
terred in  the  foil,  which  is  immediately  to  be  fown  or  planted,  has 
this  great  advantage ; that  the  carbonic  acid  is  prefently  formed  by 
the  mixture  of  atmofpheric  air  with  the  carbon  of  the  manure ; 
which  exifts  therefore  in  its  fluid,  not  its  gaffeous  ftate,  and  is  thence 
more  readily  abforbed.  Secondly,  ammoniac  is  produced,  and  nitre, 
and  hydrogen  probably  is  mixed  with  nitrogen  ; and  thefe  alfo,  I fup- 
pofe,  exift  at  firft  in  their  fluid,  not.  in  their  gafleous  ftate.  And 
thirdly,  from  thefe  combinations  a genial  degree  of  heat  is  evolved, 
which  fo  much  aflifts  the  vernal  growth  of  vegetation. 

And  where  manure  is  to  be  ufed  as  a top-drefting,  it  is  neceflary, 
that  it  fhould  be  in  a ftate  of  powder,  or  in  fmall  lumps  of  loofe 
cohefion,  as  mentioned  above ; that  it  may  be  eafily  wafhed  by  rains 
to  the  roots  of  the  grafs,  or  that  the  young  ftems  of  grafs  may  rea- 
dily fhoot  themfelves  through  it ; whence  mature  heaps  of  manure 
are  for  this  purpofe  neceflary  ; and  on  this  account  any  adhefive  ma- 
nure, 
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nure,  as  cow-dung  itfelf,  fhould  be  weekly  gathered  from  grafs- 
ground,  where  cattle  are  nourifhed,  and  laid  on  heaps  with  foil,  or 
ftraw,  or  weeds,  to  ferment  or  putrefy  ; till  it  becomes  lefs  tenacious, 
and  can  be  profitably  replaced  in  the  enfuing  fpring. 

Finally,  I fufpedt  the  moft  economical  method  of  difpofing  of  the 
flraw  and  dung  from  the  farm-yard  would  be,  as  foon  as  a dark  co- 
loured water  drains  from  the  heap,  by  which  much  lofs  is  fuftained, 
to  carry  the  refufe  of  the  liable  and  cow-houfe,  as  frequently  as  con- 
venient, to  the  ground,  where  it  is  defigned  to  be  employed  ; and 
there  to  fnix  it  with  earth  in  heaps  of  proper  fize,  and  to  cover  them 
likewife  with  foil;  and  by  thefe  means  I fuppofe  the  whole  procefs 
of  decompofition  may  be  carried  on  with  very  little  lofs  ; and  by  the 
addition  of  a greater  or  lefs  quantity  of  foil  that  the  era  of  complete 
or  moft  profitable  decompofition  of  the  compoft  may  be  managed,  fo 
as  to  coincide  nearly  with  the  time  it  may  be  wanted. 

4.  Fourthly,  it  may  be  alked,  what  kinds  of  manure  contribute 
moft:  to  the  luxuriant  growth  of  vegetables  ? In  anfwer  to  this  it 
may  be  faid,  that  as  plants  are  inferior  animals,  and  are  furnifhed 
with  abforbent  veflels  in  their  roots  correfpondent  to  the  ladleals  in 
the  ftomach  ; that  the  fame  organic  matters,  which  by  their  quick 
folution  in  the  ftomach  fupply  the  nutritive  chyle  to  animals,  will 
by  their  flow  folution  in  or  near  the  furface  of  the  earth  fupply  the 
nutritive  fap-juice  to  vegetables.  Hence  all  kinds  of  animal  and 
vegetable  fubftances,  which  will  undergo  a digeftive  procefs,  or  fpon- 
taneous  folution,  as  the  flefti,  fat,  fkin,  and  bones,  of  animals  ; with 
their  fecretions  of  bile,  faliva,  mucus  ; and  their  excretions  of  urine, 
and  ordure  ; and  alfo  the  fruit,  meal,  oil,  leaves,  wood,  of  vegetables, 
when  properly  decompofed  on  or  beneath  the  foil,  fupply  the  moft 
nutritive  food  to  plants. 

Secondly,  the  chyle  of  all  animals  is  fimiiar  to  the  fap-juice  of  all 
vegetables  in  this  circumftance,  that  they  both  contain  mucilage  and 
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fugar,  and  feem  only  to  differ  in  this  refpeCt,  that  the  chyle  of  ani- 
mals alfo  contains  oil,  which  being  mixed  with  the  mucilage  gives 
it  its  whitenefs  like  milk.  Hence  thofe  matters  muff:  fupply  nutri- 
ment moft  expeditioufly  to  vegetables,  which  contain  mucilage  and 
fugar,  or  produce  them  with  the  leaft  decomposition,  as  the  jellies 
from  the  (havings  of  horns,  from  hair,  woollen  rags,  and  the  fac- 
charine  matter  of  fweet  fruits,  roots,  kernels,  feeds  ; and  in  the 
fame  manner  thefe  things  with  the  addition  of  oil  are  mod  expedi- 
tioufly nutritive  to  animals. 

Thirdly,  fuch  materials  as  contain  in  folution  thofe  Ample  fub- 
ftances,  which  conftitute  a great  part  of  vegetable  bodies,  as  carbon, 
which  is  found  in  mod  earths  ; and  oxygen,  hydrogen,  and  nitro- 
gen, which  are  found  in  water  and  in  air ; and  from  hence  we  may 
conclude,  that  whatever  material  has  conffituted  a part  of  living  or- 
ganic bodies,  may  again  conftitute  a part  of  them ; and  that  with 
more  expedition,  if  they  can  be  ufed  without  being  decompofed  into 
their  primary  elements. 

Mr.  Bewle}^,  the  Norfolk  philofopher,  faid  to  a friend,  who  was 
riding  by  his  Ade,  that  when  he  wanted  a whip,  he  habitually  looked 
for  a dead  (tick  in  the  hedge,  unwilling  to  pluck  off  a leafy  branch, 
and  deftroy  fo  many  living  buds.  He  might  have  added,  that  to 
burn  a hair  or  a ftravv  unneceffafily  diminifties  the  fum  of  matter  At 
for  quick  nutrition  by  decompoAng  it  nearly  into  its  elements,  and 
fhould  therefore  give  fome  compunctions  to  a mind  of  univerfal  Sym- 
pathy. 

It  would  feem  therefore,  that  long  roots  Axed  into  the  earth,  and 
leaves  innumerable  waving  in  the  air,  were  neceffary  for  the  decom- 
poAtion  and  new  combinations  of  water  and  air,  and  the  converAon 
of  them  into  faccharine  and  mucilaginous  matter;  which  would 
have  been  not  only  cumbrous  but  totally  incompatible  with  the  lo- 
comotions of  animal  bodies  ; for  how  could  a man  or  quadruped 
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have  carried  on  his  head  or  back  a foreft  of  leaves,  or  have  trailed 
after  him  long  branching  ladteals  terminating  on  the  furface  of  the 
earth?  Animals  therefore  fubfift  on  vegetables;  that  is,  they  take 
the  matter  fo  far  prepared,  and  poffefs  organs  to  prepare  it  further 
for  the  purpofes  of  greater  fenfibility,  and  of  higher  animation. 


SECT. 


Sect.  XI.  i.  x.  DRAINING  AND  WATERING. 


SECT.  XI. 

OP  DRAINING  AND  WATERING  LANDS. 


X.  i.  MoraJJes  are  in  high  or  low  filiations.  2.  Springs  rife  from  the  fummfts  of 
mountains , pafs  between  the  Jlrata.  3.  Strata  of  the  earth  about  Derby , and 
at  Lichfield,  and  the  firings.  4.  Plains  formed  in  vallies.  5.  Wall-firings  in- 
tercepted by  ditches , funk  perpendicular  to  the  fides  of  the  hills.  6.  By  boring 
holes  at  the  bottom  offuch  ditches.  7.  Ufe  of  ditches,  where  the  wall-firings  can- 
not be  intercepted.  8.  Holes  through  clay  into  a /and -ft one  beneath.  9.  Deep 
firings  rife  high  eft,  when  bored  into.  10.  Many  firings  may  be  raifed  higher  than 
their  fources.  1 1.  Enlarging  the  bottom  of  wells  increafes  the  water  in  them . 

1 2.  Springs  difcovered  on  one  fide  only  of fome  mountains.  Difcovered  by  even- 
ing mifts.  By  morning  rime.  By  aquatic  plants.  Warm  firings.  II.  1.  Draining 
moraffes,  where  there  is  no  fall.  2.  In  the  craters  of  ancient  volcanoes,  3.  In 
countries  of  marble , granite,  or  quartz.  4.  Fens  below  the  level  of  the  fea.  Should 
be  furrounded  with  dikes.  5.  Ufes  of  aquatic  plants.  III.  1.  Of  flooding  lands. 

a.  Ice  preferves  the  grafts  beneath.  The  French  bored  holes  in  the  ice.  3.  Ad- 
vantages of  flooding  recapitulated.  It  deftroys  rufhes.  Saves  manure.  4.  Cau- 
tions to  be  obferved.  Flooding  not  injurious  to  health.  Vicinity  of  running  water 
wholefome.  5.  Flooding  lands  might  be  performed  to  a great  extent.  By  rivers, 
firings,  land-floods,  and  machinery.  Hiero's  fountain.  Horizontal  wind-mill , 
and  centrifugal  pump. 

I.  1.  The  great  quantity  of  water  required  for  healthy  vegetation 
is  treated  of  in  Sect.  X.  3.  1.  But  as  all  extremes  are  injurious,  too 
much  water  becomes  pernicious  to  all  except  aquatic  plants.  Whence 
the  neceffity  of  draining  thofe  lands,  which  too  much  abound  with 
moiflure  ; the  art  of  which  is  better  undeiflood,  fince  the  knowledge 
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of  geology  has  been  ftudied,  and  in  fome  meafure  diffufed  amongft  the 
people. 

Lands  in  refpedl  to  the  method  of  draining  them  may  be  divided 
into  two  fituations  ; thofe  which  lie  fo  high,  that  the  water  can  de- 
fcend  from  them,  if  it  be  properly  collected  and  conducted  ; and 
thofe  which  lie  fo  low  as  to  command  no  fall,  fome  of  which  are 
even  below  the  level  of  the  fea. 

2.  In  regard  to  the  former  it  generally  happens,  that  the  waters  from 
the  fprings . beneath  the  foil  have  not  a free  paflage  to  the  rivers  in 
their  vicinity.;  the  nature  of  fprings  fliould  therefore  be  previoufly 
imderftood.  Many  modern  philofophers  have  endeavoured  to  ftiew, 
that  all  the  continents  and  iflands  of  the  world,  as  well  as  the  hills, 
which  embofs  their  furfaces,  have  been  raifed  out  of  the  primeval 
ocean  by  fubterraneous  fires.  This  appears  from  the  quantity  of  fea- 
fhells,  which  form  innumerable  mountains ; and  from  the  fiflures  in 
the  rocks,  of  which  they  confift  ; the  quantity  of  volcanic  produc- 
tions all  over  the  world  ; and  the  numerous  remains  of  craters  of  vol- 
canoes in  mountainous  countries. 

Hence  the  ftrata,  which  compofe  the  fides  of  mountains,  lie  flant- 
ing  downwards;  and  one  or  two  or  more  of  the  external  ftrata  not 
reaching  to  the  fummit,  when  the  mountain  was  raifed  up,  the  fe- 
cond  or  third  ft  rat  urn,  or  a more  inferior  one,  is  there  expofed  to 
day.  This  may  be  well  reprefented  by  forcibly  thrufting  a very  blunt 
mftrument  through  fome  folds  of  paper,  a bur  will  be  raifed  with  the 
lowermoft  leaf  ftanding  higheft  in  the  center  of  it.  Or  if  at  the  ori- 
ginal  elevation  of  an  extenfive  mountain  the  loweft  ftratum  fliould 

•o 

not  at  firft  ftand  higher  in  the  center  of  the  fummit,  it  would  in 
time  become  fo  by  fome  of  the  upper  ftrata  of  the  mountain  being 
gradually  waflied  away  by  rains  into  the  valleys  or  rivers.  On  this 
uppermoft  ftratum,  which  is  colder,  as  it  is  more  elevated,  the  dews 
are  condenfed  in  large  quantities ; and  Aiding  down  pafs  under  the 
firft,  or  fecond,  or  third  ftratum,  which  compofe  the  fides  of  the 
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hill;  and  either  form  a morafs  below,  or  a weeping  rock  by  oozing 
out  in  numerous  places  ; or  many  of'thefe  lefs  currents  meeting  to- 
gether burft  out  in  a more  copious  rill. 

The  immediate  caufe  of  fprings  confids  therefore  in  the  conden- 
fation  of  the  atmofpheric  moidure,  during  the  night  principally,  by 
the  greater  coldnefs  of  the  fummits  of  hills,  which  is  explained  in  de- 
tail in  the  Botanic  Garden,  Vol.  I.  additional  note  26.  The  water 
thus  condenfed  on  the  fummits  of  hills  defcends  between  the  ftrata 
of  the  incumbent  foil,  fometimes  for  many  miles  together;  but  ge- 
nerally from  the  neared:  eminences  into  the  adjoining  vallies. 

3.  Thus  there  is  a dratum  of  marl,  which  1 have  oblerved  on  the 
furface  of  the  lands  about  Derbv,  which  extends  many  miles  in  mod: 
diredtions.  This  dratum  of  marl  is  of  various  thicknefs  from  10  to 
150  feet,  and  beneath  it  lies  a dratum  of  fand,  which  is  alfo  of  vari- 
ous thicknefs  from  a few  inches  to  dx  or  eight  feet,  and  of  various 
degrees  of  induration  ; and  beneath  this  lies  another  dratum  of  marl 
to  an  unknown  depth.  On  the  top  ofRadborne  common,  about  five 
miles  north-wed  from  Derby,  the  fandy  dratum  is  quite  loofe,  and 
rifes  above  the  dratum  of  marl,  which  is  deficient  at  the  fummit  of 
the  hill.  Three  or  four  drong  fprings  of  water  burd  out  on  the  fides 
of  this  hill,  which  thus  originate  from  the  moidure  of  the  atmo- 
fphere  condenfed  on  the  cold  fummit,  and  paffing  through  the  fandy 
dratum  between  the  two  drata  of  marl. 

In  the  road  to  Duffield,  about  two  miles  north  of  Derby,  the 
fand-dratum  is  cemented  into  done,  as  well  as  in  fome  fituations 
near  Radborne-common  above  mentioned.  This  dratum  of  fand- 
done  is  fome  feet  in  thicknefs,  and  lies  four  or  five  yards  deep,  be- 
neath the  upper  dratum  of  marl,  dividing  it  from  the  lower  one. 
At  Normanton,  about  two  miles  fouth  from  Derby,  the  fand-dra- 
tum confids  of  a loofe  fand,  fo  white  and  pure,  that  I imagine  it 
might  be  ufed  in  the  manufacture  of  flint-glafs,  and  lies  about  twelve 
feet  deep,  beneath  the  upper  dratum  of  marl,  dividing  it  from  the 
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under  one.  In  the  town  of  Derby  on  boring  with  dedgn  to  (ink  a 
well,  after  having  paded  about  thirteen  yards  through  marl,  fome 
fand  was  brought  up  by  the  auger,  and  water  followed,  as  related  in 
the  Philof.  Tranfadt.  Vol.  LXXV. 

The  dews  therefore,  which  are  perpetually  condenfing  on  the  fum- 
mits  of  thefe  hills,  defcend  beneath  the  upper  and  under  drata  of 
marl,  through  the  thin  ftratum  of  fand,  which  divides  them,  and 
form  St.  Alkmund’s  well,  and  many  other  fprings  in  the  vicinity  of 
Derby  ; and  probably  all  thofe  which  fupply  the  wells  within  the 
town. 

But  there  is  a fituation,  where  the  manner  of  the  production  of 
fprings  is  mod  agreeably  vifible  ; it  is  about  a mile  from  the  city  of 
Lichfield,  near  the  cold  bath  ereded  by  fir  John  Floyer,  in  a beauti- 
ful piece  of  ground,  which  was  formerly  Dr.  Darwin’s  botanic 
garden. 

In  this  place  a grotto  about  fix  yards  wide  and  ten  long  has  been 
excavated  on  the  fide  of  a hill  confiding  of  filiceous  fand- done  with 
this  peculiar  circumdance;  that  the  upper  dratum  of  the  fand-rock, 
which  is  there  about  five  feet  thick,  is  divided  from  the  lower  dra- 
tum of  it  by  a fheet  of  clay  not  more  than  three  or  four  inches  in 
thicknefs  ; on  the  upper  furface  of  this  dieet  of  clay,  between  the 
lips  of  thefe  rocks,  a perpetual  dribbling  of  water  oozes  quite  round 
the  grotto,  like  a fhower  from  a weeping  rock.  Such  fiieets  of  wa- 
ter having  been  often  obferved  to  fiide  between  the  drata  of  the 
earth  almod  horizontally,  like  the  horizontal  joints  of  a done-wall, 
have,  1 fuppofe,  given  the  name  of  wall-fprings  to  them,  to  didin- 
guilh  them  from  pipe-fprings,  or  fuch  as  burd  out  in  a fingle  rill. 

Thus  this  thin  flaeet  of  clay  prevents  the  water  from  finking  into 
the  lower  dratum  of  fand-done  ; and  produces  other  copious  fprings, 
whi  ch  are  collected  at  about  half  a mile’s  didance,  and  conveyed  by 
leaden  pipes  to  the  cathedral  clofe  of  Lichfield,  which  is  thus  fup- 
pUed  with  water  of  uncommon  purity,  which  contains  no  calcare- 
ous 
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ous  earth,  owing  to  its  paffing  through  filiceous  fand  over  a ftratum 
of  city,  and  which  would  be  a treafure  to  the  paper-mill  or  the 
bleach -yard. 

4.  One  other  circumftance  in  the  prefent  conformation  of  the  earth 
is  neceftary  to  be  mentioned  ; which  is,  that  at  the  time  when  the 
mountains  were  raifed  all  over  the  world  by  deep  volcanoes,  or  by 
central  fires,  fome  parts  of  the  fummits  of  many  of  them,  and  of 
their  fteeper  fides,  rolled  down  again  into  the  new  formed  vallies. 
And  fecondly,  that  fince  that  remote  time  the  recrements  of  vegeta- 
ble and  animal  bodies  have  continually  been  vvafhed  down  from  the 
eminences  by  (bowers,  and  have  contributed  gradually  to  accumu- 
late in  the  vallies,  and  to  form  the  plains,  whiph  exift  on  the  fides  of 
rivers.  This  appears  from  the  tin  ores  found  in  the  vallies  in  Corn- 
wall in  loofe  pieces  fimilar  to  thofe  in  the  proximate  mountains  ; and 
from  the  black  carbonic  foil,  or  morafs-turf,  found  in  mod  vallies. 

5.  From  thefe  clear  ideas  of  the  ftrata  of  the  earth,  and  of  the 
ftreams  of  water,  which  Aide  between  them,  and  form  what  are 
termed  wall-fprings,  it  is  eafy  to  conceive,  that  the  bell  method  of 
preventing  the  vallies  at  the  bottom  of  hills  from  being  too  moift 
muft  be  by  cutting  a long  horizontal  ditch  into  the  fide  of  the  moun- 
tain to  intercept  the  water,  juft  before  the  level  land  of  the  valley 
commences  ; and  thus  to  carry  away  the  water  before  it  comes  upon 
the  plain  beneath. 

For  this  purpofe  at  the  foot  of  the  hill  where  the  plain,  which  is 
too  moifi,  commences,  fome  auger-holes  thould  be  bored  to  find  the 
depth  of  the  fprings,  that  is  to  find  the  thicknels  of  the  upper  ftra- 
tum  of  the  foil.  If  this  be  only  four  or  fix  feet,  an  horizontal  ditch 
ft  ould  be  cut  along  the  bottom  of  the  mountain  to  intercept  the  wa- 
ter; which  muft  then  be  carried  away  by  one  or  more  other  ditches 
opening  into  this,  and  conducting  the  water  fo  collected  into  the 
neighbouring  rivulet. 

As  the  ftrata,  between  which  the  water  defcends  in  forming  thefe 
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fprings,  Rave  generally  the  fame  inclination  as  the  furface  of  the  hill, 
or  nearly  fo  ; it  follows,  that  the  holes  fhould  be  bored,  and  the  ditch 
cut,  not  vertically  downwards,  as  is  the  common  practice,  but  per- 
pendicular to  the  furface  of  the  mountain  ; as  by  that  means  the  fe- 
cond  flratum  will  looner  be  arrived  at ; as  (hewn  in  Plate  V.  at  the 
end  of  this  Section. 

6.  But  if  on  cutting  a ditch  five  or  fix  feet  along  the  bottom  of  the 
hill  perpendicular  to  the  rifing  plain,  which  forms  the  fide  of  it,  the 
upper  flratum  be  not  cut  through  ; and  in  confequence  no  water 
oozes  into  the  bottom  of  the  ditch  ; it  is  then  proper  to  bore  other 
holes  at  the  bottom  of  this  ditch  fome  yards  deeper,  or  till  water  rifes 
up  through  them  into  the  ditch,  if  it  can  be  fo  difcovered.  Where 
this  fucceeds.,  many  holes  fhould  be  bored,  and  the  water  received 
into  the  ditches,  and  conducted  into  the  adjacent  river;  for  the  wa- 
ter will  then  rife  into  the  bottom  of  this  ditch  fix  feet  below  the  wet 
furface  of  the  valley,  and  thus  flow  away,  rather  than  rife  up  from 
the  lower  wall-fprings,  or  apertures  of  the  flratum,  through  the  in- 
cumbent foil  to  the  furface  of  the  valley,  which  is  fo  many  feet 
higher.  This  well  underftood  is  the  great  fecret  for  draining  thofe 
grounds,  where  the  fprings  can  not  be  cut  into  fimply  by  a ditch. 

This  method  has  been  fome  years  prablifed  with  fuccefs  by  Mr. 
Elkin gton,  but  was  previoufly  ufed  and  explained  by  Mr.  Ander- 
fon,  as  he  afferts  in  his  introduction  to  Vol.  III.  of  his  Effays  on 
Agriculture,  who  funk  a hole  into  the  earth  at  the  bottom  of  a ditch 
in  the  year  1764,  and  the  water  rofe  fix  feet  above  the  furface  of 
the  ground,  and  has  continued  to  flow  with  lefs  violence  ever  fince 
that  time. 

It  fhould  here  be  noticed,  that  where  the  water  rifes  with  great 
force  through  holes  thus  bored  into  a deep  ftratum,  it  is  liable  to 
bring  up  along  with  it  much  fand,  fo  as  fometimes  to  obflruCl  its 
paflage  ; which  fand  in  this  cafe  mull  frequently  be  removed  for  a 
few  days  by  the  reapplication  of  the  auger.  Of  this  a remarkable  in- 
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Ranee  is  publiflied  in  a late  volume  of  the  Phil.  Tranf.  by  Mr.Wul- 
liamy,  who  funk  a well  236  feet  deep  and  four  feet  wide;  and,  on 
then  boring  a few  feet  lower  with  a five-inch  borer,  fo  much  fand 
arofe  with  a violent  flream  of  water,  as  to  fill  up  the  whole  well ; 
which  was  repeatedly  cleared  away  by  buckets  in  its  fluid  ftate,  and 
at  lafi  the  water  ran  oyer  the  furface  to  the  amount  of  forty-fix  gal- 
lons in  a minute. 

The  manner  of  making  thefe  ditches  narrower,  as  they  defcend, 
by  fpades  of  an  adapted  breadth  ; and  of  making  the  lowed  part  nar- 
rower than  any  other  part,  fo  that  the  fhoulders  or  edges  of  it  may 
fupport  Rones,  or  faggots,  to  cover  the  whole  at  a fmall  expence 
without  obfirudting  the  currents  of  water,  are  obvious  to  the  work" 
men.  In  many  fituations  hollow  bricks,  or  ridge-tiles,  or  old  pieces- 
of  plafier-floors,  may  be  worth  the  aditional  expence  of  providing 
them. 

There  may  neverthelefs  be  found  fituations,  where  the  firft  Rra- 
turn  of  earth  may  be  too  thick  to  be  eafily  penetrated  ; or  where  the 
water,  condenfed  from  the  atmofphere  on  the  fummits  of  the  hills, 
may  Ride  between  the  fecond  and  third,  or  between  the  third  and 
fourth  Rrata,  which  form  the  fides  of  thofe  hills,  owing  to  a deficien- 
cy of  fo  many  of  the  Rrata  at  the  fummits  of  them  ; and  hence  that 
it  may  lie  too  deep  to  be  eafily  arreRed  by  a ditch,  or  by  boring  ; and- 
yet  by  its  being  dammed  up  by  the  materials,  which  form  the  level 
plain  of  the  valley,  may  rife  up  through  thofe  materials  to  the  fur- 
face,  and  form  boggy  or  morally  ground. 

In  thefe  fituations  the  common  unlkilful  method  of  draining  may 
be  ufefully  employed;  which  confifis  in  cutting  many  ditches  four 
or  fix  feet  deep  acrofs  the  bog  or  morafs  ; and  covering  them,  fo  that 
the  water  may  have  no  obRruftion  in  pafiiqg  along  them  ; which 
may  thus,  as  it  rifes  from  below,  be  in  part  collected  and  conveyed 
away  ; though  lefs  advantageoufly  than  where  the  fprings  can  be  in- 
tercepted. 
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Another  method  of  draining  moift  meadows  has  been  by  making 
or  opening  drains  almoft  annually  by  a large  plough  with  two  con- 
verging coulters,  and  other  adapted  parts,  for  the  purpofe  of  cutting 
both  the  fades  of  a ditch  at  the  fame  time,  and  turning  out  the  inter- 
vening turf  and  foil.  Thefe  large  ploughs  have  been  kept  in  fome 
parifhes,  and  drawn  over  moift  commons  by  twelve  or  twenty  horfes, 
to  form  parallel  ditches. 

Mr.  Adam  Scott  has  invented  for  the  fame  purpofe  what  he  terms 
a mole-plough,  which  confifts  of  a coulter  fifteen  inches  long,  and 
two  and  a half  wide,  to  cut  the  fward  ; and  behind  this  an  horizontal 
cone  of  caft  iron  twenty  inches  long,  and  two  and  a half  diameter  at 
the  bafe,  to  the  middle  of  which  is  fixed  an  upright  bar  two  feet  long, 
and  three  inches  and  a half  broad,  with  a fharp  edge.  As  this  call 
iron  cone  is  drawn  along  fix  or  eight  inches  beneath  the  turfin  moift 
lands,  either  in  the  fpring  or  autumn,  in  many  parallel  lines,  the 
water  for  a confiderable  time  is  conveyed  away,  and  no  injury  done 
to  the  furfa.ce  ; which  thus  feems  to  be  an  ufeful  machine,  and  may 
be  well  managed,  I am  informed,  by  fix  or  eight  horfes.  Jn  very 
moift  lands,  or  at  very  moift  feafons,  if  more  horles  be  uled,  their  feet 
will  not  fink  fo  deep  into  the  turf,  as  each  horfe  will  draw  lefs  ; or 
a contrivance  of  adding  broader  (hoes  of  wood  to  the  hoifes  like  the 
fnow-(hoes  of  higher  latitudes,  might  anfwer  this  purpofe.  See  Tran- 
fadt.  of  Society  of  Arts,  Vol.  XV- 

8.  There  are  neverthelefs  fome  fituations,  where  the  water  is  con- 
veyed beneath  the  firft  ftratum  on  a thin  bed  of  clay  over  a porus 
fand-ftone  beneath  it  ; as  in  the  grotto  at  Lichfield  above  defcribed. 
In  thefe  fituations  by  boring  many  auger-holes,  or  by  finking  wells, 
through  the  ftratum  of  clay  the  water  will  penetrate  the  fand-ftone 
beneath  it ; and  either  pafs  away  by  the  porofity  of  this  kind  of  ftone, 
or  by  the  cracks  or  joints  which  are  always  found  in  it;  of  which 
the  horizontal  joints  were  formed  at  the  time  of  the  production  or 
accumulation  of  the  fand  beneath  the  fea,  which  was  then  formed  in 
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horizontal  ft  rat  a ; but  the  vertical  cracks  were  made  at  the  time  of  its 
elevation  by  fubterraneous  fires.  In  thefe  vertical  fiffures  the  ores  of 
lead,  ponderous  earth,  and  calcareous  fpars,  are  found  in  the  lime- 
ftone  rocks  of  Derbyfhire  ; and  thofe  of  tin,  and  quartz,  in  the  gra- 
nite rocks  of  Cornwall. 

9.  The  knowledge  of  this  part  of  geology  concerning  the  forma- 
tion of  fprings  may  be  employed  for  many  ufeful  purpofes  ; thus 
where'the  wall-fprings,  or  water-conducting  ftrata,  lie  fo  deep  as  not 
to  be  acceffible  at  a final!  expence  ; they  generally  exift  between  the 
fecond  and  third,  or  between  the  third  and  fourth  ftrata  ; which  rife 
into  day  higher  on  the  fummirs  of  the  adjacent  mountains  than  the 
firft  ftratum  ; and  hence,  when  they  are  bored  into,  the  water  w ill 
rife  higher,  than  when  it  is  found  beneath  the  firft  ftratum  only; 
which  generally  becomes  deficient  on  lower  parts  of  the  adjacent 
eminences  of  the  country. 

Thus  where  water,  defcending  in  high  columns  between  the 
ftrata  of  mountains,  is  dammed  up  below  by  the  materials,  which 
fill  up  the  vallies  ; if  a hole  be  bored  in  the  valley  deep  through  the 
incumbent  foil  and  ftrata,  it  frequently  rifes  much  above  the  lource 
of  the  new  aperture,  and  fometimes  above  the  furface  of  the  ground. 
In  finking  the  king’s  well  at  Sheernefs  the  water  rofe  300  feet  above 
its  fource  in  the  well,  as  related  in  Philof.  Tran f aft.  Vol.  LXXIV. 
And  at  Hartford  in  Connecticut  there  is  a well,  which  was  dug  fe- 
venty  feet  before  water  was  found  ; and  then  on  boring  an  auger 
hole  through  a rock  the  water  rofe  fo  faft,  as  to  make  it  difficult  to 
keep  it  dry  by  pumps,  till  the  hole  could  be  blown  larger  by  gun- 
powder ; which  was  no  fooner  accomplifhed,  than  it  filled,  and  run 
over,  and  has  been  a brook  for  near  a century.  Travels  through 
America,  Lond.  1789.  Lane. 

In  the  town  of  Richmond  in  Surry,  and  at  Inflip  near  Prefton,  in 
Lancafhire,  I am  informed,  that  it  is  ufual  to  bore  for  water  to  a cer- 
tain depth  ; and  that  when  it  is  found  in  both  thofe  places,  it  rifes 
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fo  high  as  to  flow  over  the  furface.  And  there  is  reafon  to  conclude, 
that  if  fimilar  experiments  were  made  in  many  other  places,  fuch  ar- 
tificial fprings  might  be  produced  at  fmall  expence,  both  for  the  com- 
mon purpofes  of  life,  and  for  the  great  improvement  of  lands  by 
watering  them. 

10.  Another  deduction,  which  may  be  made  from  this  knowledge 
of  geology,  is,  that  many  fprings  of  water,  which  lie  too  low  for 
ferving  a houfe,  or  ftreet,  or  town,  or  for  watering  higher  grounds 
for  the  purpofes  of  agriculture  or  gardening,  may  in  many  fituations 
be  dammed  up  many  feet  with  little  or  no  lofs.  Thus  when  the  new 
bridge  was  building  at  Dublin,  Mr.  G.  Semple  found  a fpring  in  the 
bed  of  the  river,  where  he  meant  to  lay  the  foundation  of  a pier;, 
which  by  fixing  iron  pipes  into  it  he  raifed  many  feet ; and  in  bor- 
ing a hole  near  the  Derwent  in  Derby  about  fifteen  yards  deep,  the 
water  rofe  above  the  furfaceof  the  ground,  and  has  continued  to  flow 
now  for  above  twelve  years  in  rather  an  increafing  quantity.  From 
having  obferved  a valley  north- weft  of  St.Alkmund’s  well  near  Derby, 
at  the  head  of  which  that  fpring  of  water  once  probably  exifted,  and 
by  its  current  formed  the  valley,  (which  current  in  after  times  found 
its  way  out  in  its  prefent  lower  fituation),  I fufpedft,  that  St.  Alk- 
mond’s  well  might  by  building  round  it  be  raifed  high  enough  to 
Supply  many  ftreets  in  Derby  with  fpring  water,  which  are  now  only 
fupplied  with  river  water. 

11.  A third  deduction  from  the  knowledge  of  this  geology  con- 
cerning the  production  of  fprings  teaches,  that  by  enlarging  the  bot- 
tom of  a well,  where  the  water  oozes  from  between  the  lurroundincr 
ftrata  in  too  fcanty  a fupply,  a proportionally  greater  quantity  of  wa- 
ter may  be  procured.  The  hole  near  the  river  Derwent  in  Derby 
above  mentioned,  is  about  an  inch  and  a half  in  diameter,  and  was 
bored  about  fifteen  yards  deep  through  the  uppermoft  ftratum  of  marl 
into  the  fand  beneath  it,  and  fupplies  Dr.  Darwin’s  houfe  with  two 
cr  three  hogfheads  of  water  a day.  And  Mr.  Strutt  near  St.  Pe- 
ter’s 
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ter’s  Bridge  has  funk  a well  for  the  ufe  of  his  fleam-engine  about 
200  yards  from  the  former,  which  pafies  through  the  fame  upper 
flratum  of  marl,  and  is  three  feet  in  diameter  at  the  bottom,  and  fup- 
plies,  when  required,  a hundred  hogfheads  in  a day. 

12.  The  knowledge  of  this  part  of  geology  leads  to  another  ufe- 
ful  purpofe,  the  difcovery  of  fprings ; concerning  which  fome  have 
pretended  to  pofTefs  fecret  or  myftical  intelligence  both  in  England 
and  in  France.  When  the  eminences  of  a country  were  raifed  out 
of  *the  primeval  ocean  by  fubterraneous  fires,  fome  of  them  were 
raifed  nearly  equally  on  all  fides,  like  the  limeflone  mountain  at 
Breedon  in  Leiceflerfhire  ; in  which  the  central  flratum  may  be  feen 
to  fland  nearly  ere£t  or  vertical,  and  thofe  on  all  fides  at  confiderablc 
inclination.  Other  mountains  were  abruptly  broken  off  on  one  fide 
only  from  the  adjoining  earth,  like  thofe  which  form  the  high  torr  at 
Matlock ; which  rife  with  one  of  their  fides  perpendicular  as  a wall 
by  the  Derwent  fide  ; fo  that  the  flrata  of  the  former  of  thefe  moun- 
tains may  be  reprefented,  as  before  mentioned,  by  the  bur,  which 
would  be  made  on  fome  folds  of  paper,  if  a very  hard  blunt  inflru- 
ment  was  thrufl  through  them  ; and  the  latter  by  raifing  up  one 
edge  of  fuch  folds  of  paper,  fo  as  to  incline  the  whole  of  it  at  fome 
angle  with  the  horizon. 

As  the  fprings  confifl  of  the  water,  which  Aides  between  thefe 
included  flrata  ; it  is  evident,  that  in  fome  eminences  of  ground  they 
are  only  to  be  met  with  on  one  fide  of  the  mountain  ; and  in  other 
eminences  of  ground  on  all  fides  of  it.  In  fearching  for  fprings  there- 
fore attention  fhould  be  given  to  the  inclination  of  the  flrata  of  that 
part  of  the  country,  which  may  be  often  feen  in  marl-pits,  gravel- 
pits,  or  in  hollow  lanes.  But  they  may  in  general  be  found  above 
any  moifl  or  moraffy  plain  or  valley;  the  moiflure  of  which  fhews, 
that  fprings  exifl  in  the  flrata  on  that  fide  of  the  mountain. 

A fecond  obfervation  for  the  purpofe  of  detecting  fprings  may  be 
made  on  mifty  evenings ; as  thofe  parts  of  the  ground,  where  the 
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mift  commences,  are  moifter  than  thofe  in  their  vicinity  on  the  fame 
level  ; and  in  confequence  may  generally,  if  they  are  not  hollow 
bafons,  pofiefs  fprings  nearer  the  furface ; for  thefe  moifter  parts  of 
the  ground,  having  evaporated  more  during  the  day,  are  become 
colder  on  their  furfaces  than  the  drier  ground  in  their  vicinity  ; and 
in  mifty  evenings,  which  are  at  the  fame  time  calm,  the  Ration  ary 
air  over  thefe  moift  parts  of  the  ground  is  alfo  more  loaded  with  the 
evaporated  moifture  ; and  on  both  thefe  accounts  thefe  moifter  fixa- 
tions are  liable  to  fhew  a condenfation  of  aerial  vapour  fooner  than 
other-places  on  the  fame  level. 

As  mountains  are  colder  in  proportion  to  their  height,  which  is 
explained  in  Botanic  Garden,  Vol.  I.  additional  note  26,  the  even- 
ing mift  fometimes  commences  fooner  on  them  than  in  the  valleys; 
but  is  feen  earlier  in  thefe  fixations  over  the  moifter  places,  if  they 
are  on  the  iame  level  with  the  drier  ones,  exaftly  as  on  the  plains 
or  valleys  ; and  may  therefore  indicate  the  exiftence  of  fprings,  un- 
lefs  thele  moifter  places  confift  of  hollow  bafons  containing  water, 
which  if  not  attended  to  may  in  all  fixations  deceive  the  obferver. 

Another  obfervation  for  detecting  fprings  may  be  made  in  rimy 
mornings  ; for  as  moift  earth  is  a better  conduCor  of  heat  than  dry 
earth,  the  rime  will  fooner  melt  on  thofe  parts  of  the  foil,  which  are 
kept  moift  by  fprings  under  it  than  on  other  parts ; as  the  common 
heat  of  the  earth,  which  is  48  in  this  country,  will  fooner  be  con- 
duced upwards  in  moift  places  to  difi'olve  the  rime  on  the  furface. 
On  this  account  the  rime  is  frequently  feen  on  frofty  mornings, 
when  the  heat  of  the  air  is  not  much  above  32,  to  lie  an  hour  longer 
on  dry  cakes  of  cow-dung,  or  on  bridges,  or  planks  of  wood,  than 
on  the  common  moift  ground  ; as  the  latter  much  better  conducts 
the  common  heat  of  the  earth  to  the  incumbent  rime,  which  is  in 
contaC  with  it. 

But  as  the  heat  of  the  common  fprings  in  this  country  is  48,  where 
they  exift,  the  rime  is  fooner  diffolved,  than  on  the  ftagnant  moif- 
ture 
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ture  of  bogs  or  morailes.  And  as  the  fprings  about  Buxton  and  Mat- 
lock,  and  at  Bath  and  Briftol,  are  fo  much  warmer  than  common 
fprings  ; it  is  highly  probable,  that  where  thefe  waters  approach  the 
furface  of  the  foil,  they  mud  much  fooner  dilfolve  the  rime  on  frofly 
mornings  ; which  may  probably  be  obferved  in  fituations  much  higher 
than  their  prefent  apparent  fources  j as  they  Aide  down  between  the 
interior  ftrata  of  thofe  hills,  beneath  the  fummit  of  which  they  are 
condenfed  from  the  fleam  of  water  boiling  at  great  depths  in.  the 
earth  ; which  rifes  up  through  thofe  perpendicular  clefts  of  the  rocks* 
which  were  formed  at  their  original  elevation,  as  explained  in  Bo- 
tanic Garden,  Vol.  II.  note  on  fucus ; and  in  Pilkington’s  View  of 
Derbyfhire,  V.  I.  p.  256. 

In  the  winter  months  the  rife  of  fprings  may  be  detected  in  moift 
ditches  by  the  prefence  of  aquatic  plants,  as  of  water-crefs,  water- 
parfnip,  brook-lime  ; as  in  thofe  ditches,  which  become  dry  in  the 
fummer,  thefe  plants  do  not  exift  ; and  when  thofe  ditches  with 
fprings  in  them  are  nearly  dry,  it  may  be  difcovered  which  way  the 
current  has  formerly  defcended  by  the  direction  of  the  points  of  the 
leaves  of  the  aquatic  plants  as  certainly  as  by  a level ; an  obfervation. 
which  I learnt  from  Mr.  Brindley,,  the  great  canal-condudtor  of  Staf- 
ford (hire. 

Finally,  thefe  arts  of  detecting  the  lituation  of  fprings  may  be  ad- 
vantageous to  the  attentive  agricultor  both  for  the  purpofes  of  drain- 
ing thofe  lands,  which  too  much  abound  with  water,  and  for  the 
purpofe  of  watering  thofe,  which  are  too  dry,  and  which  lie  beneath 
the  level  of  the  fprings,  or  to  which-  the  water  may  be  raifed  by 
wind-mills  or  water-engines  to  be  explained  hereafter. 

II.  1.  In  refped  to  draining  thofe  plains  or  morailes  where  no  fall 
can  be  had,  the  water  may  in  many  fituations  be  caught  by  cutting  a 
long  horizontal  ditch  into  the  adjoining  mountain  perpendicular  to 
the  inclined  plane,  which  conflitutes  the  fide  of  the  mountain,  above 
the  level  of  the  morafs,  fo  as  to  intercept  all  the  wall-fprings ; and 
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may  then  be  conveyed  away  in  wooden  troughs  or  hollow  bricks 
above  the  furface ; and  if  fome  water  Aill  finds  its  way  into  the  mo- 
rafs,  this  lefs  quantity  may  be  conducted  to  one  extremity  of  the 
ground  in  open  drains  or  covered  loughs,  and  raifed  by  an  horizontal 
windmill  and  centrifugal  pump,  as  defcribed  at  the  end  of  this  Sec- 
tion ; and  thus  the  morafs  may  be  converted  into  foil  of  the  moll 
productive  kind. 

2.  There  may  be  other  fituations,  as  in  the  Peak  of  Derbyfhire, 
where  pools  of  water,  or  morafles,  are  collected  on  the  hollow  fum- 
mits  of  hills  ; which  have  been  the  craters  of  volcanoes  in  the  prime- 
val ages  of  the  world,  as  Elden-hole  near  Caftleton,  which  feems  to 
have  been  the  fhaft  of  fuch  a volcano.  In  many  of  thefe  bafons  on 
the  fummits  of  hills  there  jftill  exifi:  what  are  called  “ Swallows,’* 
or  cavities  ; where  the  water  finks  into  the  earth,  as  it  collects,  to 
pafs  to  fome  diftant  valley,  as  Elden-hole  above  mentioned,  and  as  in 
the  channels  of  the  rivers  Hamps  and  Manifold,  between  Afhbourn 
and  Leek.  In  others,  as  at  the  fummit  of  a fteep  promontory  called 
Axedge,  near  Bu  xton,  and  about  Broke-  houfe,  are  unfathomed  moraffes, 
which  are  faid  in  fome  places  not  to  bear  a fheep  to  pafs  over  them  ; 
and  that  on  the  more  tenacious  parts  of  them  it  is  neceflary  for  the 
adventurer  to  ftep  from  taflock  to  tafifock,  or  to  carry  a long  pole  ho- 
rizontally in  his  hand,  like  thofe  who  fkaite  upon  fufpeCted  ice,  to 
prevent  his  finking  over  head,  if  he  fhould  chance  to  fink  at  all. 

It  is  probable,  that  by  finking  a well,  or  boring  a hole,  where 
fuch  morafles  or  lakes  now  exifi,  into  the  obftruCted  fhaft  of  the  an- 
cient volcano,  the  water  might  be  let  off  from  thofe  eminent  mo- 
rafles at  lefs  expence,  than  by  excavating  a paflage  for  it  fome  miles 
in  a country  of  marble. 

3.  It  is  poflible  there  may  be  fituations  in  high  countries  of  mar- 
ble, or  granite,  or  quartz,  where  the  difficulty  and  expence  of  exca- 
vating the  ground  may  be  too  great,  as  above;  in  which  a fyphon 
might  be  contrived  for  the  purpofe  of  raffing  the  water  from  a mo- 
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rafs  or  lake,  and  conveying  it  away.  Such  an  inftrument  might  be 
conftruded  of  bored  Riga  deals ; but  as  air  is  liable  to  colled  in  the 
fummit  of  a fyphon  from  the  water,  which  palTes  through  it,  it 
would  be  neceflary  to  fix  at  the  fummit  an  air-veffel  with  an  air- 
pump  at  the  top  of  it ; which  might  be  moved  by  a very  fmall  hori- 
zontal windmill  fail,  to  be  deicribed  at  the  end  of  this  Sedion,  or 
occafional'ly  by  the  hand  of  a labourer  for  a few  minutes  perhaps 
once  or  twice  a day. 

4.  The  draining  of  thofe  large  plains,  which  lie  beneath  the  level 
of  the  fea,  is  a fubjed,  which  belongs  to  the  public*  rather  than  to* 
the  individual  farmer  ; and  is  pradifed  near  Linn  on  the  river  Cam 
by  locks  to  keep  out  the  tide,  and  by  windmills  to  lift  or  forward 
the  otherwife  ftagnate  water  in  the  fen-dikes.  Thefe  windmills  have 
vertical  fails  of  the  common  kind,  which  move  a vertical  water- 
wheel, by  which  the  water  is  raifed  a.  foot  or  two  ; but  it  is  probable 
even  this  might  be  done  better  by  the  horizontal  fail  and  centrifugal 
pump  to  be  defcribed  at  the  end  of  this  Sedion,  as  being  a fimpler 
machine,  and  requiring  no  attention  to  turn  it  to  the  wind. 

It  might  be  a noble  work,,  worthy  the  attention  of  a government, 
that  wifhed  to  increafe  the  quantity  of  nutriment,  and  confequent 
population  and  happinefs  of  the  country,  to  employ  proper  engineers 
with  a number  of  labourers  to  environ  with  ditches  every  morally 
diftrid  of  whatever  extent,  which  lies  beneath  the  level  of  the  tides, 
as  the  fens  of  Lincolnffiire  and  Cambridgelhire.  Thefe  ditches  ffiould 
be  cut  at  the  feet  of  the  adjacent  riling  grounds,  or  of  eminences  fur- 
rounded  with  fens,  like  iflands  in  a lake,-fo  as  to  intercept  the  wall- 
fprings  and  land-floods,  and  convey  the  water  thus  colleded  above 
the  level  of  the  morafs  into  the  ocean. 

But  this,  1 fear,  is  an  effort  not  to  be  expeded  in  the  prefent  times, 
when  the  enclofure  of  forefts  and  large  commons  is  prevented  by  the 
interefl:  of  individuals,  or  by  the  difficulty  of  procuring  expenfive  ads 
©f  parliament  for  every  minute  diftrid,  inftead  of  including  them  in 
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ti  general  a£t,  fo  meritorioufly  contended  for  by  dr  John  Sinclair, 
then  Prefident  of  the  Agricultural  Society. 

5.  Where  finally  the  draining  of  marfhy  grounds  can  not  be  effect- 
ed at  a refponfible  expence,  fome  plants  may  perhaps  be  cultivated 
-with  profit  to  the  cultivator  ; as  in  fome  fituations  the  feffica  fluitans, 
floating  fefcue,  callitriche,  ftar-grafs ; or  in  others  the  orchis  for  the 
qmrpofe  of  making  faloop  by  drying  the  peeled  roots  in  an  oven. 
This  might  be  better  worth  notice,  if  the  feed  could  be  ripened  in 
this  climate  for  its  eafier  propagation,  which  probably  may  be  accom- 
pliffied  either  by  cutting  away  the  new  root,  as  is  affirmed  in  the 
Amoenitates  Academicae  ; or  by  planting  them  in  a garden-pot  fo  as 
to  confine  the  roots  in  refpect  to  fpace,  which  is  faid  in  the  fame 
work  to  ripen  the  feeds  of  convallaria,  lily  of  the  valley  ; and  laflly 
by  cultivating  a few  on  a hot-bed  or  in  a green-houfe. 

In  other  fituations  the  menyanthes,  bog-bean,  would  flourifh  abun- 
dantly, and  might  become  a fubffitute  for  hops  in  the  brewery,  and 
be  equally  wholefome  and  palatable.  It  is  indeed  much  to  be  la- 
mented, that  we  have  no  grain  fimilar  to  rice,  that  will  grow  in  wa- 
tery grounds  in  this  cold  climate,  nor  any  efculent  roots  or  foliage 
except  the  water-crefs.  There  is  reafon  to  believe  neverthelefs,  that 
the  roots  of  nymphaea,  water-lily,  or  of  butomus,  flowering-ruffi, 
may  be  efculent  by  Ample  boiling  ; or  that  a wholefome  ftarch  might 
be  obtained  from  them  ; or  laflly,  that  they  might  be  fermentable 
into  ardent  fpirit,  like  the  roots  of  potatoes,  or  into  vinegar. 

The  nymphaea  nelumbo  is  much  cultivated  in  China  in  their 
fvvampy  grounds,  and  in  their  lakes.  The  feed  is  like  an  acorn,  and 
of  a tafte  more  delicate  than  that  of  almonds.  The  roots  are  fliced  and 
ferved  with  ice  in  fummer  at  their  tables ; and  are  preferved  in  fait 
and  vinegar  for  the  winter.  Embafly  to  China  by  fir  G.  Staunton, 
Vol.  111.  p.  214,  8 vo.  ed.  The  nymphaea  alba  of  our  country  pro- 
duces a root  of  three  or  four  inches  in  diameter.  See  SeCt.  XVII. 
2.  3;  and  though  the  feed  is  very  fmall,  and  perhaps  does  not  per- 
fectly 
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fedtly  ripen,  I have  obferved  it  to  be  agreeable  to  the  palate  both  in 
its  recent  Hate,  and  when  dry. 

If  thefe  ftiould  not  fucceed,  other  quick-growing  plants  might  be 
cultivated  for  manures,  as  typha,  cat’s-tail,  caltha,  and  others;  which 
fhould  be  mowed  twice  a year,  while  they  are  young,  and  in  confe- 
quence  abound  with  faccharine  and  mucilaginous  matter  ready  to  pafs 
into  fermentation. 

III.  1.  The  advantages  refulting  from  occafionally  covering  lands 
with  water  have  long  been  experienced  in  warmer  countries,  as  in 
Egypt,  Italy,  and  many  parts  of  China;  and  have  of  late  years  been 
introduced  into  our  own  more  northern  climates.  The  great  import- 
ance of  much  water  to  the  progrefs  of  vegetation  has  already  been 
fpoken  of  in  Section  X.  3.  And  in  the  warm  climates  above  men- 
tioned, it  is  particularly  ufeful  in  the  cultivation  of  rice  for  the  pur- 
pofe  perhaps  of  limply  moiftening  the  ground. 

But  the  advantages  of  flooding  meadow-lands  in  this  country  may 
be  divided  principally  into  three  kinds,  one  of  which  confifts  in  Am- 
ply moiftening  them,  which  feemsto  be  the  principal  ufe  of  water- 
ing: lands  in  warm  countries,  where  the  water  is  derived  to  them  al- 
moft  every  evening  from  refervoirs  above  them,  or  from  water- 
wheels worked  by  aflfes,  and  which  is  fometimes  done  in  the  gardens 
of  this  country  by  watering  pans  and  human  labour. 

The  fecond  and  greater  advantage  of  flooding  lands  in  this  cli- 
mate confifts  in  deriving  much  water  ever  them  from  rivers  or  from 
ftrong  fprings,  and  by  thus  fupplying  them  with  the  muddy  fedi- 
ment  brought  down  by  rivers,  after  fudden  rains,  or  with  the  cal- 
careous earth  diiTolved  in  many  fprings.  All  thofe  fprings,  which 
pafs  through  marl,  or  chalk,  or  other  limeftone,  are  replete  with 
calcareous  earth  ; which  they  hold  in  folution,  as  thofe  about  Derby 
and  about  Matlock,  which  earth  they  depofit  on  ftanding  on  the 
foil,  or  in  flowly  trickling  over  it.  See  Setft.  X.  6.  2.  And  river 
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water  in  rainy  feafons  is  loaded  with  diftufed  as  well  as  with  diifolved 
materials  from  the  neighbouring  country. 

Both  thefe  therefore  are  of  great  fervice  in  flooding  meadow-lands,, 
and  perhaps  almoft  all  other  lands.  But  thofe  fprings,  which  pafs 
only  through  filiceous  fandftone,  as  thofe  at  Lichfield  in  StafFordfhire, 
have  no  calcareous  earth  dilfolved  in  them,  as  I have  found  by  expe- 
riment ; and  the  water  of  moft  rivers,  when  they  are  not  i welled  by 
rain,  are  alfo  too  pure  for  this  purpofe  as  they  have  depofited  al- 
ready in  their  courfe  the  calcareous  earth,  which  might  abound  in 
the  fprings,  which  feed  them  ; as  I have  obferved  by  experiments  on 
the  water  of  the  Derwent  at  Derby,  which  though  it  runs  for  many 
miles  about  Matlock  through  a bed  of  limeftone,  yet  when  clear  of 
mud  from  rains,  it  contains  no  calcareous  earth,  as  it  pafles  by 
Derby,  though  the  fprings  in  the  vicinity  are  replete  with  it.  Nei- 
ther of  thefe  fources  of  water  can  therefore  do  much  fervice  for  this 
fecond  defign  of  depofiting  limeftone,  or  mud. 

The  third  advantage  of  flooding  lands  in  this  climate  is  for  the 
purpofe  of  defending  them  from  the  cold  of  the  winter  or  vernal 
months.  For  this  advantage  the  water  from  ftrong  fprings,  which 
are  always  at  48  degrees  of  Farenheit  in  this  country,  is  preferable 
to  river  water,  where  it  can  be  had  in  fufEcient  quantity ; fince  the 
water  of  rivers  is  of  the  fame  degree  of  cold  as  the  atmofphere,  till 
the  thermometer  finks  to  32.  But  both  of  them,  when  they  form  a 
ftieet  of  thin  ice,  as  they  cover  a meadow,  defend  the  roots  of  the 
grafs  from  feverer  degrees  of  cold  ; which  are  thus  preferved,  and 
thofe  of  fome  grafles  are  believed  even  to  vegetate  beneath  the  ice,  as 
the  rein-deer  mofs  in  Siberia  vegetates  beneath  the  fnow  in  a degree 
of  heat  about  40,  which  is  the  medium  between  that  of  the  under 
furface  of  the  thawing  fnow,  which  is  32  ; and  that  of  the  common 
heat  of  the  interior  parts  of  the  earth,  which  is  48  ; and  thus  the 
rops  of  grafs  in  this  cold  climate  may  be  wonderfully  forwarded  ; fo 
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as  almofl:  to  double  the  product  of  the  year,  if  well  managed  and 
carefully  attended  to. 

The  method  of  forming  the  channels  to  convey  the  water  confiAs 
in  carrying  the  firft  or  principal  aquedu6t  along  the  higheft  part  of 
the  meadow,  and  deriving  others  on  the  fummits  of  the  lands ; if  the 
meadow  has  formerly  been  ploughed  into  ridges  and  furrows,  thefe 
again  are  to  be  divaricated  fo  as  to  pafs  into  the  furrows  ; all  thefe 
branches  of  the  flream  are  again  to  be  collected  from  the  furrows, 
and  difcharged  at  the  loweft  part  of  the  furface. 

Something  flmilar  to  this  mull  be  managed  on  more  level  grounds, 
fo  as  to  conduct  the  water  over  the  whole  meadow,  and  alfo  to  carry 
it  off,  that  it  may  not  Magnate  ; but  that  a moving  fheet  of  water 
about  an  inch  in  depth  may  continually  flow  over  the  whole  for  the 
purpofe  of  depofiting  the  materials  diffolved  or  diffufed  in  it.  The 
conftruftion  and  width  of  thefe  channels,  with  many  ufeful  obferva- 
tions,  are  (hewn  in  a pamphlet  of  Mr.  T.  Wright,  on  “ the  Art  of 
Floating  Land  in  Gloucefterfhire.”  Scatcherd.  London. 

o 

2.  Mr. Wright  in  the  treatife  above  mentioned  advifes,  that  the 
aftermath  of  grafs  land  fhould  be  eaten  oft  bare  by  the  beginning  of 
November,  and  that  the  channels  for  conducing  the  water  to  and 
from  the  meadows  fhould  be  then  cleanfed  and  repaired  ; and  that 
the  water  fhould  be  buffered  to  flow  over  the  meadow  for  three 
weeks ; and  that  then  the  land  ought  to  be  expofed  to  the  air  for  a 
few  days;  flnee  fome  of  the  grafles,  and  thofe  of  the  moft  nutritive 
kinds,  he  believes  will  not  much  longer  exifl:  under  water.  By  this 
early  preparation,  he  adds,  that  advantage  is  taken  of  the  autumnal 
floods,  which  bring  along  with  them  a greater  quantity  of  putref- 
cent  matter  than  thofe  of  winter. 

In  the  months  of  December  and  January  Mr. Wright  adds,  that  the 
chief  care  of  the  floater  confifts  in  keeping  the  land  fheltered  by  the 
water  from  the  feverity  of  frofty  nights  ; but  advifes  through  the 
whole  of  thefe  months  every  ten  or  fourteen  days  to  expofe  the  land 
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to  the  air  by  laying  it  as  dry  as  poffible  for  a few  days  y and  always  to. 
difcontinue  the  flooding,  when  the  land  is  covered  with  a fheet  of 
ice. 

In  the  month  of  February  greater  attention  is  required  ; if  the  wa- 
ter be  buffered  to  flow  over  the  meadow  for  the  fpace  of  many  days 
without  iutermiffion,  a white  fcum  is  generated,  and  the  grals  is 
much  injured.  And  hejuftly  obferves  that,  if  you  now  take  off  the 
water,  and  expofe  the  land  in  its  wet  Rate  to  a fevere  frofty  night,  a 
great  part  of  the  grafs  will  be  cut  off. 

Mr.Wright  adds,  that  in  Gloucefterftiire  two  methods  of  avoiding 
thefe  injuries  are  praftifed  : one  is  to  take  off  the  water  by  day  to  pre- 
vent the  production  of  the  fcum,  and  to  turn  it  over  again  at  night 
to  guard  againft  the  froft.  The  other  is  to  take  off  the  water  early 
in  the  morning ; and,  if  the  day  be  dry,  to  buffer  it  to  remain  off  a 
few  days  and  nights  ; for  if  the  land  experiences  only  one  drying  day,, 
the  froft  at  night  will  do  little  injury.  But  the  former  of  thefe  prac- 
tices, where  it  can  be  eafily  done,  he  thinks  preferable  to  the  latter.. 

In  the  beginning  of  March  the  grafs  on  well -flooded  meadows  will 
generally  be  fo  forward,  as  to  afford  abundant  pafturage,  and  the  wa- 
ter fhould  be  taken  off  for  about  a week,  that  the  land  may  become 
dry  and  firm  ; and  the  cattle  fhould  for  the  firft  week  be  allowed  a 
little  hay  in  the  evening,  if  the  weather  be  cold  and  rainy. 

In  the  month  of  April  the  grafs  may  be  eaten  off  quite  fhort  and 
clofe,  but  not  later ; fince  if  you  trefpafs  but  one  week  in  the  month 
of  May,  the  crop  of  hay,  which  is  to  fucceed,  will  be  much  impair- 
ed ; and  the  grafs  will  become  foft  and  wooliy,  and  the  hay  have  the 
appearance  of  lattermath  hay,  and  be  lefs  valuable. 

At  the  beginning  of  the  month  of  May  the  water  is  again  thrown 
over  the  meadows  for  a few  days  ; which  fimply  by  moiftening  the 
land  will  in  moft  feafons,  Mr.Wright  obferves,  enfure  a crop  of  hay 
of  one  ton  and  a half  on  an  acre  in  the  courfe  of  fix  or  feven 
weeks. 
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The  water  is  fometimes  again  ufed,  when  the  hay  is  carried  off, 
but  may  render  the  lattermath,  he  thinks,  unwholefome  to  fheep. 
But  this  is  particularly  ferviceable,  when  the  water  is  rendered  tur- 
bid by  fuddens  rains.  Some  have  taken  off  two  hay-crops  in  one  year, 
but  this  Mr.Wright  thinks  is  imprudent  in  this  climate  ; which  how- 
ever I fuppofe  might  be  accomplifhed,  where  the  fil'd:  growth  is  not 
eaten  in  April,  and  where  much  turbid  river  water  or  calcareous 
fpring  water  can  be  ufed  between  them. 

Mr.  Wright  further  obferves,  that  the  hay  on  thefe  flooded  mea- 
dows is  little  inferior  to  upland  hay,  if  it  be  cut  at  its  proper  age; 
but  that  fome  avaricious  farmers  have  permitted  it  to  remain  uncut 
till  it  produces  three  tons  on  an  acre,  and  that  then  it  will  become 
long  and  coarfe,  and  little  better  than  draw.  But  that  when  it  is  cut 
in  June,  and  has  been  flooded  well  with  muddy  water  in  the  winter, 
that  it  becomes  little  inferior  to  the  bed  upland  hay. 

The  hay,  I fhould  fuppofe,  which  is  cut  before  the  grafs  is  in  full 
flower,  while  the  faccharine  juice  dill  remains  in  part  at  the  joints 
of  the  flower-fiems,  mud  contain  the  mod  nutritious  matter  ; which 
is  afterwards  abforbed  as  the  flower  expands,  and  as  the  feed  ripens, 
and  forms  the  meal  or  darch  of  the  feed-lobe,  and  is  died  upon  the 
ground,  or  confumed  by  birds,  and  the  grafs-flems  and  their  leaves 
become  fimply  like  the  draw  of  ripened  corn. 

This  will  appear  of  more  importance  to  any  one,  who  attends  to 
the  difference  of  the  pods  or  hufks  of  peas,  or  of  kidney-beans,  dur- 
ing the  early  date  of  the  enclofed  feeds,  and  again  after  the  feeds  be- 
come ripe.  The  pod  or  capfule  is  at  fird.fweet  and  mucilaginous,  fo 
as  to  fupply  an  agreeable  and  nutritive  food,  the  latter  of  which,  and 
fometimes  the  former,  are  eaten  at  our  tables ; afterwards  as  the  feeds, 
which  are  attached  alternately  to  each  fide  of  the  capfule,  drink  up 
by  their  vegetable  life  after  impregnation  the  faccharine  and  mucila- 
ginous matters  there  purpofely  depofited  for  them  ; the  capfule  itfelf 
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becomes  a mere  fibrous  membrane  not  better  than  the  flraw  of  ripe 
o-rains  above  mentioned. 

Id 

It  may  be  here  repeated,  that  one  great  ufe  in  this  country  of  flood- 
ing grafs-grounds  in  winter,  and  in  early  fpring,  lo  as  to  let  a thin 
fheet  of  water  perpetually  flow  (lowly  over  them,  is,  that  it  will  in 
frofty  nights,  when  the  cold  is  not  much  below  the  freezing  point, 
produce  a thin  fheet  of  ice,  and  thus  prevent  the  cold  from  afrefling 
the  roots  of  the  grafs  beneath  it ; which  may  thus  be  two  or  three 
weeks  forwarder  than  on  other  lands ; for  ice  is  fo  bad  a condu&or  of 
heat,  that  water  is  not  readily  frozen  beneath  it ; and  efpecially  if  it 
{lands  hollow,  fo  as  to  enclofe  a ftratum  of  air  between  itfelf  and  the 
water  beneath. 

This  feems  to  have  been  attended  to  by  the  philofophers  in  the 
French  army,  when  they  pafled  over  ice  to  fubdue  Holland  ; fearing 
leaf!  the  ice  fhould  be  too  weak  for  the  paffage  of  their  troops  and 
artillery,  they  bored  many  holes  through  it  every  night  ; and  then 
by  preffure  on  its  furface  the  water  was  made  to  rife  through  thefe 
holes,  fo  as  to  (land  an  inch  above  the  furface  ; which  being  thus 
expofed  to  the  cold  air  of  the  night,  became  frozen  before  morning ; 
and  thus  in  a few  nights  thickened  and  ffrengthened  the  ice  ten  times 
more  than  would  have  been  done  naturally  by  the  flower  freezing 
beneath  it. 

3.  To  recapitulate  the  advantages  of  flooding,  firft,  not  only  the 
common  meadow  grounds  are  enriched,  but  moraffy  ones  are  confo- 
lidated,  by  the  mud  brought  over  them  from  river  water  ; or  the  cal- 
careous fediment,  and  azotic  or  nitrogen  air,  from  mofl  fpring  wa- 
ters, during  thofe  feafons  when  grafs  does  not  naturally  make  much 
progrefs  in  its  growth.  2.  They  are  defended  from  froft  by  the  flow- 
ing water,  or  by  the  ice,  when  it  is  frozen  ; and  thus  a much  for- 
warder crop  of  grafs  is  produced,  as  may  frequently  be  feen  over 
pieces  of  ground  naturally  moift ; which  look  green  in  the  fpring, 
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fome  weeks  before  that  on  drier  land  in  their  vicinity.  3.  The  ground 
is  rendered  more  eafily  penetrable  by  the  roots  of  grafs,  both  by  its 
being  kept  fofter,  and  alfo  from  its  being  feldomer  frozen  below  the 
furface  in  the  vernal  months.  4.  This  early  crop  may  be  eaten  off 
'by  cattle  or  ffieep,  and  a new  flooding  for  a ffiort  time  will  forward 
the  growth  of  it  fo  as  to  produce  a good  crop  of  hay.  5.  After  the 
hay  is  removed  another  flooding  for  a fhort  time  enfures  a luxuriant 
growth  of  autumnal  grafs,  or  aftermath. 

The  difficulty  of  getting  moift  lands  free  from  rufhes  is  laid  to  be 
readily  overcome  by  flooding  them,  and  that  efpecially  after  previ- 
ously mowing  them,  as  their  fpongy  pith  will  then  abforb  fo  much 
water,  as  to  caufe  them  to  putrify  by  its  Stagnation  ; or  if  this  be 
done  in  autumn  or  Spring,  and  a froft  Supervenes,  the  water  in  their 
pith  by  expanding,  as  it  becomes  ice,  burfts  and  deftroys  their  organic 
flru&ure. 

The  following  conclufion  is  copied  from  Parkinfon’s  Experienced 
Farmer.  “Upon  the  whole,  artificial  watering  of  meadows  is  a mod 
profitable  improvement  ; it  robs  no  dunghill,  but  raifes  one  for  the 
benefit  of  other  lands ; for  if  a farmer  can  water  ten  acres  of  land, 
cut  the  grafs  and  ufe  it  either  in  flail  or  fold-feeding,  he  might  keep 
perhaps  forty  beads  ; and  by  working  the  manure  made  by  them  into 
a compoft,  and  applying  that  compofl  to  other  lands,  he  might  either 
have  a great  deal  more  hay  for  the  winter,  or  feed  more  cattle  in  the 
Summer.”  Vol.  II.  p.  68. 

4.  Two  or  three  observations  of  importance  ffiould  be  here  infert- 
ed.  1 . That  in  flooding  lands  for  a considerable  time,  the  water  ffiould 
only  trickle  over  them  from  the  canal,  which  leads  it  along  the  more 
elevated  parts,  and  not  ftand  on  it  like  a fiffi-pond  ; as  in  the  latter 
cafe  the  grafs  roots  will  periffi  in  a few  weeks  in  the  early  Spring,  to 
the  great  injury  of  the  farmer,  an  example  of  which  on  Several  acres 
I once  witnefled. 

As  Soon  as  any  materials  thus  begin  to  putrefy  beneath  the  water, 
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a fcum  of  white  froth  arifes  owing  to  the  air  fet  at  liberty  by  putre- 
faction ; which  is  fuppofed  by  lome  to  injure  the  grafs,  whereas  it  is  a 
confequence  rather  than  a caufe  of  injury,  and  fhews,  that  the  water 
has  ftagnated  too  long;  and  fhould  either  be  immediately  drawn  off, 
or  fupplied  by  a running  ftream  ; but  the  former  fhould  probably  be 
preferred  : if  the  Items  of  grafs  are  fo  tall  as  to  rife  above  the  running 
water,  it  is  probable,  that  their  death  and  putrefaction  do  not  fo  foon 
occur. 

Secondly.  It  is  obferved  by  gardeners,  that  in  dry  feafons,  if  you 
begin  to  water  any  kinds  of  plants,  you  mult  continue  to  repeat  it  ; 
otherwife  that  they  are  fooner  injured  by  dry  weather,  than  thofe 
which  have  not  been  watered.  This  fa£t  alfo  I think  I have  obferved, 
and  it  may  depend  on  the  circumftance  of  the  roots  of  annual  vege- 
tables (hooting  themfelves  lower  down  in  dry  feafons  in  fearch  of 
moifture;  but  if  this  be  given  them  in  the  commencement  of  then- 
growth,  they  then  fhoot  their  roots  more  horizontally,  and  are  after- 
wards in  confequence  fooner  deftroyed  by  the  fubfequent  dry  wea- 
ther. 

Thirdly.  Much  cold  water  given  fuddenly  to  plants,  which  were 
nearly  perifhing  with  heat  and  drynefs,  will  I believe  fometimes  in- 
jure or  deftroy  them,  as  I faw  occur  this  year,  1798,  in  June  to  fome 
rows  of  garden  beans;  which  after  being  flooded  for  one  night  wi- 
thered, and  in  part  died,  on  the  following  day,  which  was  probably 
caufed,  not  by  the  excefs  of  water,  as  plants  of  this  genus  would  leem 
to  bear  much  moifture  from  an  experiment  of  Lord  Kaimes,  who 
fays  in  the  Gentleman  Farmer,  that  he  planted  a pea  on  fome  cot- 
ton-wool fpread  on  water  in  a phial,  and  that  it  fprung  up,  and  (hot 
roots  through  the  cotton-wool  into  the  water,  and  produced  large 
pods  full  of  ripe  feeds.  The  death  of  thefe  beans  was  more  probably 
occafioned  by  the  torpor  of  the  fyftem  induced  by  cold,  as  occurs  to 
thofe  who  have  injudicioufly  drank  much  cold  water,  or  plunged  into 
a cold  bath,  when  they  have  been  previoufly  much  weakened  by  the 
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unnecefTary  activity  of  the  fyffem  occafioned  by  continued  heat,  or 
great  exercife.  See  Sedt.  XIV.  (.1. 

Nor  is  there  reafon  to  fuppofe  that  to  whatever  extent  this  mode  of 
cultivation  of  grafs  could  be  carried  in  this  country,  that  any  injurious 
efFeds  in  refpedt  to  the  health  of  the  inhabitants  could  be  produced  ; 
as  this  mode  of  flooding  is  not  by  flagnant  water,  as  in  rice  grounds  ; 
which  D.  A.  J.  Cavanilles,  who  has  lately  publifned  a work  on  the 
cultivation  of  rice  in  the  kingdom  of  Valencia,  believes  to  be  injurious 
to  the  health  of  the  inhabitants.  Magaz.  Encyclop.  T.  3. 

In  thefe  cold  climates  the  vicinity  of  running  dreams  may  per- 
haps be  rather  falubrious  than  the  contrary  ; as  the  air  is  cooled  in  hot 
weather,  and  warmed  in  cold  weather,  by  its  contad  with  their 
ever-changing  furfaces,  till  they  become  frozen.  I at  this  moment 
recoiled  many,  who  lived  to  an  healthy  old  age  in  the  valley  of  the 
Trent  near  the  very  edge  of  the  water,  whofe  names  I could  repeat. 
But  flagnate  waters,  from  which  putrid  exhalations  arife,  produce 
agues  in  cold  countries,  as  in  the  fens  of  Lincolnfhire  ; and  putrid  fe- 
vers in  hot  ones  ; from  which  our  armies  differed  fo  much  at  St. 
Lucia  both  in  the  prefent  and  the  lad  war. 

5.  This  pradice  of  flooding  is  capable  of  being  extended  to  a won- 
derful degree  in  this  country,  not  only  by  ufing  the  natural  falls  of 
brooks  and  fprings,  and  by  occafionally  damming  them  up  to  fupply 
higher  fituations  ; and  by  effedually  fpreading  the  land-floods  from 
accidental  fhowers  over  the  inferior  lands  to  a great  extent.  And 
laflly,  the  water,  which  is  now  dammed  up  to  fupply  the  numerous 
mills,  might  be  diffufed  in  rills  over  a thoufand  meadows,  or  part  of 
it  be  raifed  by  pumps  to  higher  grounds;  and  thus  fertilize  and  en- 
rich the  country;  W'hile  the  grinding  of  corn,  fpinning  of  cotton,  roll- 
ing iron  bars,  and  other  mechanic  purpofes,  might  be  effedled  by 
wind-mills,  or  fleam-engines,  in  almofl:  every  part  of  the  ifland. 

For  this  purpofe  likewife  the  new  method  of  railing  water  bv  the 
vis  inertiae  or  acquired  momentum  of  moving  ftreams  might  be  well 
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applied,  which  was  formerly  ufed  by  Mr.Whitehurft  of  Derby  on  a 
fmall  fcale  at  Oulton  in  Chefhire,  as  defcribed  with  a plate  of  the 
machine,  to  which  an  air-veffel  is  ingenioufly  added,  in  the  Philofo- 
phical  Tranfadions  for  the  year  1775,  Vol.  LXV.  p.  277,  and  which 
is  now  adapted  to  variety  of  ingenious  machinery  by  M.  Boulton, 
Efq.  of  Soho  near  Birmingham  ; and  is  well  explained  with  two 
prints  in  the  Repertory  of  Arts  and  Manufactures,  No.  LI. 

6.  The  following  water  machine,  which  is  on  the  principle  of 
Hiero’s  fountain,  is  defigned  to  raife  part  of  the  water  of  a fpring,  or 
fmall  brook,  where  fome  feet  of  fall  may  be  acquired,  to  a greater 
height  for  the  purpofe  of  watering  higher  levels  of  ground  ; and  the 
horizontal  windmill  with  centrifugal  pump  is  defigned  for  the  fame 
purpofe,  where  no  fall  can  be  acquired.  We  fhall  then  perhaps  have 
fatiated  fome  of  our  readers  with  this  fubjed  of  watering  lands,  and 
may  conclude  with  the  fhepherds  in  Virgil’s  Eclogue, 

Claudite  jam  rivos,  Pueri,  fat  prata  biberunt. 
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Reprefents  the  ftrata  of  a hill,  a b is  the  upper  ftratum,  fuppofeof  marie;  c d is  the 
fecond  ftratum,  fuppofe  of  fand ; cf  reprefents  the  accumulated  earth  in  the  valley. 
It  is  defigned  to  fhew,  that  in  boring  holes  through  the  upper  ftratum  to  find  that 
beneath  it,  they  fhould  be  formed  perpendicular  to  the  fide  of  the  mountain,  and  not 
perpendicular  to  the  horizon,  as  is  the  common  practice,  as  by  thofe  means  the 
hole^jy  is  much  fhorter  than  the  hole  x x.  As  explained  in  Sedt.  XI.  i.  5. 
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PLATE  VI. 

Is  a fetiion  of  a machine  ftmilar  to  Hiero’s  fountain,  but  deligned  to  raife  water  to  a great 
perpendicular  height,  where  there  is  the  convenience  of  a fmall  fall. 

■:  \r  'T' ' / t.  cr 

a b the  ftream  of  water,  b e c the  height  of  the  fall. of  it,  fuppofe  ten  feet,  d e two  vef- 
fels  of  lead  or  iron  containing,  fuppofe,  four  gallons  each,  fg  hi kl  are  veflels  of  lead  con- 
taining, fuppofe,  two  quarts  each,  op  two  cocks,  each  of  which  pafles  through  two  pipes 
opening  one  and  clofing  the  other,  qr  a water  balance  moving  on  its  centres  and  turning 
the  two  cocks  o and  p,  alternately,  t u and  w x two  air-pipes  of  lead  one  quarter  or  half 
an  inch  diameter  within,  y z>  y z,  y z,  water-pipes  one  inch  diameter. 

The  pipe  b c c is  always  full  from  the  ftream  a b,  the  fmall  citterns  g i /,  and  the  large 
one  d,  are  fuppofed  to  have  been  previoufly  full  of  water,  then  admit  water  by  turning 
the  cock  o through  the  pipe  c e into  the  large  ciftern  e.  This  water  will  prefs  the  air, 
which  was  in  this  ciftern  e up  the  air-pipe  w x,  and  will  force  the  water  from  the  fmall 
cifterns  gi  / into  thecifterns  h k and  great  C.  At  the  fame  time  by  opening  B,  the  water 
and  condenfed  air,  which  previoufly  exifted  in  the  large  ciftern  d,  and  the  fmall  ones fhk , 
is  difeharged  at  B.  After  a time  the  water  balance  q r s clofes  the  cocks  now  open,  and 
opens  their-antagonifts,  and  the  cifterns  fhk  are  emptied  in  their  turn  by  the  force  of 
the  condenfed  air  from  the  ciftern  d,  as  the  water  enters  into  it  from  the  pipe  b c. 
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Is  a feclion  of  a machine  for  raifing  water  a few  feet  high  by  the  power  of  the  wind  for 
the  purpole  of  draining  tnoraffes,  or  of  watering  lands  on  a higher  leveL 

It  confifts  of  a windmill  fail  placed  horizontally  like  that  of  a fmoak-jack,  furrounded 
by  an  odtagon  tower;  the  diverging  rays  of  this  tower,  ab,  ab,  may  confift  of  two-inch 
deals  only,  if  on  a fmall  fcale,  or  of  brick-work  if  on  a larger  one.  Thefe  upright  pil- 
lars are  connected  together  by  obliqjre  horizontal  boards  as  jfhewn  at  A B,  by  which  boards 
placed  horizontally  from  pillar  to  pillar,  in  refpedt  to  their  length,  but  at  an  angle  of 
about  45  degrees  in  refpedf  to  their  breadth,  fo  as  to  form  a complete  odlagon  including 
the  horizontal  windmill  fail  near  the  top  of  it ; the  wind  as  it  ftrikes  again!!  any  of  them, 
from  whatever  quarter  it  comes,  is  bent  upwards  and  then  ftrikes  again!!  the  horizontal 
wind-fail.  Thefe  horizontal  boards,  which  form  the  ftdes  of  the  odtagon,  may  either  be 
fixed  in  their  fttuations,  or  be  made  to  turn  upon  an  axis  a little  below  their  centres  of 
gravity,  fo  as  to  clofe  themfelves  on  that’ fide  of  the  odlagon  tower  moft  diftant  from  the 
wind. 

It  may  be  fuppofed  that  the  wind  thus  reflected  would  lofe  conftderably  of  its  power  be- 
fore it  ftrikes  on  the  wind-fail,  but  on  fixing  a model  of  fuch  a machine  on  the  arm  of  a 
long  whirling  lever,  with  proper  machinery  to  count  the  revolution  of  the  wind  fail, when 
thus  included  in  a tower  and  moving  horizontally ; and  then  when  moved  vertically  as  it 
was  whirled  on  the  arm  of  the  lever  with  the  fame  velocity,  it  was  found  on  many  trials 
by  Mr.  Edgeworth  of  Edgeworth  Town  in  Ireland,  and  by  myfelf,  that  the  wind  by  being 
thus  reverted  upwards  by  a fixed  planed  board  did  not  feern  to  lofe  any  of  its  power.  And 
as  the  height  of  the  tower  may  be  made  twice  as  great  as  the  diameter  of  the  fail,  there  is 
reafon  to  conclude  that  the  power  of  this  horizontal  wind-fail  may  be  conftderably  greater, 
than  if  the  fame  fail  was  placed  nearly  vertically  oppofed  to  the  wind  in  the  ufual  man- 
ner. 

At  the  bottom  of  the  fhaft  of  the  wind-fail  is  placed  a centrifugal  pump  with  two  arms 
at  C D,  which  has  been  deferibed  in  mechanical  authors.  It  confifts  fimply  of  an  upright 
bored  trunk,  or  cylinder  of  lead,  with  two  oppoiite  arms  with  an  adapted  valve  at  the  bot- 
tom to  prevent  the  return  of  the  water,  and  a valve  at  the  extremity  of  each  arm  to  pre- 
vent any  ingrefs  of  air  above  the  current  of  the  water  as  it  flows  out. 

c c c c is  a circular  trough  to  receive  the  ftreams  of  water  from  C and  P,  to  convey 
them  where  required. 
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SECT.  XII. 

AERATION  AND  PULVERIZATION  OP  THE  SOIL. 


I.  Soils  contain  inflammable  matters  and  water.  Air  conflfls  of  oxygen , nitrogen , and 
heat.  Produces  carbonic , nitrous , and  phofphoric  acids , and  volatile  alkali  with 
water  when  buried  in  the  foil.  Heat  and  light  given  out  from  the  union  of  carbon 
and  oxygen  in  a letter -wafer.  Sow  and  fet  foon  after  the  plough  or  Jpade.  2.  Pe- 
netrability of  the  foil  increafed,  and  mixture  of  its  ingredients.  Retains  the  rains.. 
Enlarges  the  furface.  3.  Ufes  of  fallowing.  Turnips  faid  not  to  impoverifh  the 
foily  why.  4.  Fallowing  injurious  to  rich  lands,  why.  5.  The  great  advan- 
tages of  Tull's  drill  hufbandry.  Prefers  horfe-hoeing  to  hand-hoeing.  An  im- 
proved drill  machine.  6.  Advantages  of  tranfplanting  wheat.  7.  Of  harrowing 
wheat  in  fpring.  8.  Rolling  wheat  in  fpring . 

As  almoft  all  foils  not  only  contain  carbon,  and  other  inflammable 
materials,  which  are  capable  of  uniting  with  oxygen,  and  thus  pro- 
ducing the  carbonic  and  other  acids ; but  alfo  contain  water,  which 
by  its  decompofition,  when  in  contaCt  with  confined  air,  produces 
ammonia  or  volatile  alkali  by  the  union  of  its  hydrogen  with  azote  ; 
and  nitre  by  the  union  of  its  abundant  oxygen  with  another  part  of 
the  abundant  azote  or  nitrogen  of  the  atmofpheric  air  ; there  is  rea- 
fon  to  conclude,  that  the  great  ufe  of  turning  over  the  foil  with  the 
plough  or  fpade  depends  principally  in  the  production  of  thefe  effeCts 
by  the  confinement  of  both  the  oxygen  and  the  azote  or  nitrogen  of 
the  air  in  the  interftices  of  the  foil ; and  on  this  account  we  have  en- 
titled this  feCtion  the  aeration  of  the  foil  rather  than  the  oxygenation 
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of  it,  as  the  latter  belongs  to  the  refpiration  rather  than  to  the  nutri- 
tion of  vegetables. 

When  atmofpheric  air  is  imprifoned  in  the  cavities  of  the  foil  by 
turning  over  its  furface,  which  rauft  be  in  greater  quantity,  when, 
the  foil  is  reduced  into  the  very  fmall  fragments,  which  has  been 
called  pulverization  ; and  when  it  is  the  lead  prefled  down  by  animals 
trampling  on  it,  it  more  readily  unites,  I believe,  with  the  materials 
above  mentioned  than  in  its  free  Hate ; which  is  probably  effected  by 
double  or  triple  chemical  affinities. 

For  this  atmofpheric  air  confifts  of  oxygen,  azote,  and  the  fluid 
matter  of  heat ; now  if  the  heat,  which  occafions  the  oxygen  and 
azote  of  the  atmofphere  to  exift  uncombined  in  the  form  of  gafles, 
be  attracted  from  them  by  any  other  material,  as  they  are  confined 
in  the  cavities  of  the  foil,  they  may  by  their  nearer  approach  to  each 
other  combine  into  nitrous  acid ; or  the  oxygen  may  in  its  fluid  Hate, 
not  in  its  aerial  one,  more  readily  unite  with  carbon  ; and  form  a 
fluid,  not  an  aerial,  carbonic  acid  ; which  we  believe  to  be  of  fo 
much  confequence  in  the  growth  of  plants,  as  ffiewn  in  Se£t.  X.-4. 

Add  to  this,  that  if  any  putrefactive  procefs  be  proceeding,  where 
atmofpheric  air  is  thus  imprifoned  in  the  cavities  of  the  foil,  and  by 
the  lofs  of  its  heat  is  converted  from  a gas  to  a fluid  ; that  the  azote 
may  unite  with  the  hydrogen  of  the  decompofing  water,  or  contri- 
bute to  decompofe  it  ; and  thus  to  form  volatile  alkali,  which  like 
the  nitrous  acid,  may  either  during  the  procefs  of  its  formation,  or  af- 
ter it  is  formed,  be  of  effectual  fervice  to  vegetation,  at  the  fame  time 
the  oxygen  given  out  from  the  decompofing  water  may  contribute 
like  that  of  the  atmofphere  to  produce  carbonic,  nitrous,  or  phofpho- 
ric  acids  ; and  thus  to  render  carbon,  phofphorus,  and  the  balls  cf 
nitre,  capable  of  being  abforbed  by  vegetable  ladteals. 

Where  atmofpheric  air  is  confined  along  with  water,  I well  re- 
member from  experiments  I made  long  ago,  by  inverting  a bottle  fill- 
ed with  air  in  a jar  of  water,  that  the  bulk  of  the  air  was  in  fome 

days 


Sect.  XII.  2. 


PULVERIZATION. 


285 

days  fo  much  diminifhed  as  to  occupy  only  half  the  bottle,  which 
probably  occurs  from  the  decompofition  of  both  the  water  and  air  ; 
and  the  production  of  ammonia  and  nitrous  acid,  both  which  are  be- 
lieved to  be  fo  ferviceable  to  vegetation,  as  mentioned  in  SeCt.  X. 
2.  9. 

That  the  heat  of  the  atmofpheric  air  is  given  out,  when  oxygen 
unites  with  carbon,  is  fhewn  by  the  heat  of  hot-beds ; and  of  fer- 
menting faceharine  and  mucilaginous  fluids,  as  in  the  production  of 
ardent  fpirit  ; and  may  be  beautifully  feen  in  the  combination  of  oxy- 
gen with  carbon  in  the  burning  of  one  of  thofe  common  letter-wa- 
fers, which  confift  of  the  mucilage  of  flour,  and  red  lead  or  mi- 
nium ; not  one  of  thofe,  which  are  called  Infh  wafers,  and  which  are 
coloured  with  vermilion.  If  one  of  thefe  minium  wafers  be  made 
to  blaze  in  the  flame  of  a candle,  the  oxygen  contained  in  the  mi- 
nium unites  with  the  carbon  of  the  flour,  and  gives  out  a very  lumin- 
ous fpark,  and  confequent  great  heat,  and  at  the  fame  inftant  a fmall 
globule  of  melted  lead  drops  down,  and  may  be  agreeably  feen,  if  re- 
ceived on  a fheet  of  white  paper  held  under  it.  It  is  alfo  probable, 
that  heat  is  emitted  during  the  produ&ion  of  nitrous  and  of  phof- 
phoric  acids. 

From  thefe  obfervations  it  appears,  that  feeds  Ihould  be  fown,  and 
roots  planted,  foon  after  the  foil  is  turned  over;  while  the  produc- 
tion of  the  carbonic,  nitrous,  and  phofphoric  acids,  and  of  volatile  al- 
kali, and  perhaps  many  other  proceffes,  are  proceeding,  rather  than 
after  they  are  completed  j and  alfo  while  the  fluid  element  of  heat  is 
paffing  from  its  combined  ftate,  and  permeating  the  foil,  which  in  this 
cold  climate  in  the  vernal  months  muft  be  highly  conducive  to  vege- 
tation. 

2.  By  thus  turning  over  the  foil  with  the  plough  or  fpade  the  pe- 
netrability of  it  by  the  roots  of  plants  is  alfo  much  facilitated  ; and 
for  this  purpofe,  as  well  as  for  the  admixture  of  atmofpheric  air,  it 
can.  fcarcely  be  reduced  into  too  fine  molecules,  or  a kind  of  wet  pow- 
der ; 
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der ; for  the  moifture  of  foil  is  as  neceflary  for  its  being  permeated 
by  the  young  roots  of  plants,  as  its  fmall  cohefion,  as  mentioned  in 
Seft.  X.  3.  6. 

Secondly,  a more  intimate  mixture  of  the  various  ingredients, 
which  moR  foils  poflefs,  as  carbon,  calcareous,  argillaceous,  filiceous, 
and  magnefian  earths,  with  various  metallic  oxydes,  as  thofe  of  iron, 
and  fometimes  of  manganel'e,  and  calamy,  all  which  by  frequent 
turning  over  the  foil  with  the  plough  or  fpade,  become  mixed  fo  as 
to  aft  on  each  other  or  on  the  roots  of  vegetables  in  every  minute  part 
of  the  foil. 

And  thirdly,  the  vernal  rains  are  retained  by  their  finking  more 
readily  into  the  pores  and  cells  of  land  recently  turned  over,  and 
which  ftill  poflefles  an  uneven  furface.  Befides  a greater  l'urface  of  it 
being  continually  expofed  to  the  pafling  air,  and  to  the  heavier  im- 
purities, which  it  perpetually  contains,  as  carbonic  acid,  foot,  odours 
of  many  kinds. 

3.  A recapitulation  of  thefe  circumftances  leads  us  to  the  know- 
ledge of  the  ufe  of  fallowing  lands,  by  repeatedly  turning  them  over 
much  carbonic  acid  is  produced  in  its  fluid  ftate ; and  perhaps  fome 
of  the  nitrous  and  phofphoric  acids  ; thefe  may  remain  united  with 
the  vegetable  recrements,  or  with  volatile  alkali,  or  with  calcareous 
earth.  2.  The  parts  of  the  foil  may  become  better  mixed  together, 
and  thus  either  chemically  affeft  each  other  to  their  mutual  meliora- 
tion ; or  they  may  more  uniformly  fupply  nutriment  to  the  roots, 
which  penetrate  it.  3.  The  foil  may  become  broken  into  a moifl: 
powder,  and  may  thus  be  moreeafily  permeated,  and  fupply  a greater 
furface  of  its  cavities  for  the  vegetable  abforbents  to  apply  themfelves 
to.  4.  Unprofitable  plants,  or  weeds,  not  being  permitted  to  grow  on 
it,  or  their  being  perpetually  ploughed  under  the  foil  in  their  early 
growth,  much  vegetable  nutriment  will  be  referved  by  not  being  ex- 
pended ; or  it  will  be  increafed  by  the  faccharine  and  mucilaginous 
matter  of  the  young  plants,  which  are  thus  buried  in  it. 
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It  fhould  be  added,  that  fome  plants  are  Laid  not  to  impoverifh 
the  ground,  on  which  they  have  grown  during  their  herbaceous  Rate, 
before  the  feed-Rems  have  arifen  ; as  turnips,  when  drawn  up  and 
carried  away  to  feed  cattle  or  fheep  on  other  grounds.  This  has  been 
afcribed  by  fome  authors  to  the  foil  having  been  fhaded  by  their  thick 
foliage,  and  thus  not  having  fuffered  fo  much  by  evaporation.  Some 
have  afcribed  this  fuppofed  melioration  of  the  foil  to  its  having  been 
fcreened  or  overfhadowed  by  the  thicker  foliage  of  fuch  crops ; and 
that  as  the  putrefactive  procefs  of  vegetable  recrements  proceeds  belt: 
in  damp  and  confined  air,  as  wood  decays  foonefl  in  cellars,  they  fup- 
pofe  the  foil  may  thus  become  improved.  But  Mr.Tull  feems  either 
to  doubt  the  fadt,  or  to  attribute  it  to  the  ground,  where  fuch  plants 
are  cultivated,  being  ufually  once  or  twice  hoed  ; and  thus  in  effedt  to 
have  been  followed  by  the  repeated  aeration  and  pulverization  of  the 
foil,  and  the  deRrudtion  of  innumerable  weeds. 

If  neverthelefs  the  faff  be  true,  not  only  all  the  circumRances  above 
mentioned  may  contribute  to  produce  it,  but  alfo,  as  it  appears  by  the 
experiments  of  Prieftley  and  Ingenhoufe,  that  though  the  perfpirable 
matter  of  vegetable  leaves  gives  out  oxygen  in  the  funfhine,  yet  that 
it  gives  out  carbonic  acid  in  the  (hade;  which  even  in  its  aerial  or 
gaffeous  form  is  much  heavier  than  common  air,  and  will  therefore 
fubfide  on  the  earth  in  the  fhade  of  this  perfpiring  foliage,  and  con- 
tribute to  enrich  the  foil  by  the  hourly  addition  of  carbon. 

4.  Neverthelefs  where  the  foil  is  already  replete  with  manures, 
and  thefe  proceffes  productive  of  carbonic,  nitrous,  and  phofphoric 
acids,  and  of  volatile  alkali,  are  going  on  in  proper  abundance  ; fuch 
foils  muR  be  injured  by  being  too  frequently  turned  over  in  fummer 
■fallowing  ; and  thus  by  expofing  too  great  a furface,  and  that  too  fre- 
quently, to  the  air,  the  funfhine,  and  the  rain  ; by  which  much  of 
the  fluid  carbonic  acid  will  be  converted  into  aerial  carbonic  acid,  and 
elcape,as  well  as  the  phofphorus  and  the  ingredients  in  their  Rate  pre- 
vious to  the  production  of  nitrous  acid,  and  of  the  volatile  alkali.  On 
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this  account  in  the  manufacture  of  nitre  in  France,  Spain,  and 
Pruffia,  it  is  diredted  to  cover  the  compoft  of  foil  and  animal  recre- 
ments with  a (bed  to  prevent  too  great  exhalation  and  ablution. 
Hence  though  a fummer  fallow  may  be  of  advantage  to  a poor  foil, 
which  has  nothing  to  lofe  ; it  mufl  be  difadvantageous  to  a rich  one, 
which  has  nothing  to  gain. 

Lord  Dundonald  in  his  work  on  the  Connection  of  Agriculture 
and  Chemiftry  ingenioufly  fuppofes,  that  foils  become  injured, 
when  much  expofed  to  the  air  by  fallowing,  from  the  carbon  or 
other  inflammable  matters  uniting  with  oxygen  ; and  that  then  be- 
ing again  combined  with  other  materials,  they  become  infoluble,  pro- 
ducing limeRone,  calcareous  nitre,  and  phofphat  of  lime.  But  there 
is  another  injury  to  foil  by  frequent  fallowing,  which  I fufpedt  to  be 
more  extenfive,  from  the  efcape  of  carbonic  acid,  or  of  nitrous  acid, 
or  of  ammonia,  into  the  atmofphere  in  the  form  of  gas,  as  above 
mentioned  ; or  their  being  walhed  away  by  rains. 

5.  Hence  the  great  advantages  of  Mr.Tull’s  ingenious  difcovery  of 
the  drill  hufbandry  are  eafily  underftood,  1.  By  fowing  the  wheat  in 
rows,  fcattered  by  a drill-plough  at  regular  diftances,  and  buried  at  a 
regular  depth,  the  grain  is  neither  crowded,  nor  too  thinly  difperfed. 
2.  Nor  are  the  roots  buried  either  too  deep  in  the  foil,  or  too  (hal- 
low. 3.  By  turning  the  foil  flrft  from  the  rows  in  the  fpring  for  a 
week  or  two,  and  then  turning  it  up  againft  the  rows,  the  foil  be- 
comes newly  aerated  with  all  the  good  efFedts  in  confequence.  4!  It 
becomes  more  penetrable  by  the  fuperficial  roots  of  the  corn.  5.  By 
railing  it  to  the  fecond  joint  of  the  corn-ftems,  four  or  fix  new  roots 
with  new  Rems  will  (hoot  out,  generated  by  the  caudex  of  the  fe- 
cond leaf  of  the  corn-ftem ; which  is  now  within  the  foil,  or  in 
contadt  with  it,  as  explained  in  Sedh  IX.  3.  1.  and  7.  XVI.  2.  2. 

Thus  Mr.Tull’s  method  of  heaping  foil  againft  wheat-plants  up 
to  the  fecond  joint  anfwers  in  lome  degree  the  fame  purpofe,  as 
tranfplanting  the  roots,  and  fetting  them  deeper  in  the  foil  with 
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much  3efs  expence  of  labour.  But  for  the  more  perfect  pulveriza- 
tion of  the  foil,  and  the  more  complete  aeration  of  it,  he  infills  much 
on  the  preference  of  horfe-hoeing  to  hand-hoeing  ; as  the  former 
paffes  deeper  into  the  foil,  and  thus  expofes  a greater  quantity  of  it 
to  the  air ; and  efpecially  of  that  part  of  it,  which  before  lay  too 
much  beneath  the  furface  to  be  previoufly  much  affe&ed  by  the  in- 
cumbent atmofphere.  But  the  great  objection  to  the  ufe  of  the 
horfe-hoe  is,  that  the  alternate  rows  of  corn  muft  be  placed  at  too 
great  a diftance,  as  will  be  again  fpoken  of  in  Sedl.  XVI.  2.  2. 

To  the  many  advantages  of  the  drill  husbandry  above  recited  Mr. 
Tull  adds,  that  “ where  the  fpring-turnips  are  ufed  too  late  in  the 
year,  there  is  not  time  to  bring  the  land  into  tilth  for  barley,  and 
there  is  a.lofs  of  the  barley  crop  in  confequence  ; which  he  fays  is 
entirely  remedied  by  the  drilling  method  ; for  by  that  the  land  may 
be  almoft  as  well  tilled  before  the  turnips  are  eaten  or  taken  off,  as  it 
can  afterwards.”  Hufbandry,  Chap.  VIII.  p.  89. 

So  many  great  advantages  feem  to  accrue  from  Mr.Tull’s  method 
of  drill-fowing  and  horfe-hoeing,  that  a curious  queflion  offers  itfelf. 
Why  it  has  not  been  more  generally  adopted  ? Fir  ft,  I fuppofe,  be- 
caufe  it  is  difficult  to  teach  any  thing  new  to  adult  ignorance,  fo  that 
the  matter  muft  for  fome  time  attend  the  procefs  with  his  own  eye. 
Secondly,  I believe  the  axle-tree  of  Mr.Tull’s  fo  wing  machine  did  not 
accurately  emit  the  proper  quantity  of  feed  from  the  hopper,  and  was 
liable  to  bruife  and  deftroy  fome  of  it  in  its  paffage.  And  thirdly, 
that  the  improved  drill  machine  of  Mr.  Cook’s  patent  is  too  expen- 
five  for  the  purchafe  of  fmall  farmers,  who  fear  that  it  may  not  an- 
fwer  the  expected  advantages. 

I have  therefore  given  a print  at  the  end  of  this  work  of  a machine 
conftrudted  on  a cheaper  plan,  which  is  {imply  an  improvement  of  that 
defcribed  in  Mr.  Tull’s  book,  by  enlarging  that  part  of  the  axle-tree 
which  delivers  the  grain,  into  a cylinder  of  fome  inches  diameter 
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with  excavations  in  the  rim  ; which  rim  rifes  above  the  furface  of 
the  corn  in  the  feed- box,  and  lets  drop  again  into  the  feed-box,  what- 
ever grains  fill  the  holes  above  the  level  of  the  rim,  as  that  fide  of  the 
cylinder  afcends.  Whence  the  quantity  delivered  is  uniform,  and  no 
grains  are  in  the  way  to  be  bruifed  or  injured,  as  explained  at  large 
along  with  the  print ; and  the  whole  machine  is  fimple,  and  of 
fmall  expence. 

6.  The  mod:  effectual  method  of  obtaining  the  great  combined  ad- 
vantages of  aeration  and  pulverization  of  the  foil  is  by  tranfplanting 
the  roots  of  wheat,  and  parting  them,  as  already  fpoken  of  in  Se£t.  IX. 
3.  7.  By  taking  up  the  roots  and  replanting  them  in  foil  lately  turn- 
ed over,  and  confequently  expofed  to  the  air,  which  is  now  confined 
in  its  interfaces,  all  the  advantages  already  mentioned  are  effectually 
received,  from  the  new  made  fluid,  carbonic,  nitrous,  and  phofphoric 
acids,  and  from  the  ammonia,  and  other  unnamed  combinations.  Se- 
condly, all  the  advantages  arifing  from  the  eafy  penetrability  of  the 
loofe  foil  by  the  root-fibres,  which  are  believed  by  Mr.Tull  to  put  out 
more  radicles  with  abforbent  mouths  at  every  part,  where  they  are 
dilTevered,  like  a brufh  or  pencil  of  hairs.  Thirdly,  by  parting  the 
root-fcions  from  each  other  they  acquire  greater  fpace  of  air  for  their 
refpiring  leaves,  and  of  foil  for  their  abforbent  roots.  Whereas  when 
too  many  Hems  arife  from  one  root,  or  many  feeds  are  fown  near 
together,  a tuffock  is  produced  in  a conical  form  rifing  higheft  in 
the  center  ; which  feems  to  be  occafioned  by  the  con t eft  of  the  Items 
for  air  and  light ; their  roots  all'o  muft  defcend  lower  in  their  conteft 
for  moifture,  and  for  other  advantages  of  the  foil  ; whence  many  of 
thefe  crowded  Items  become  barren,  producing  no  ears,  or  ill-corned 
ones. 

Another  benefit  from  tranfplanting  corn  is  owing  to  the  quicker 
tendency  to  fructification,  and  confequent  fooner  ripening  of  the 
grain.  Thus  tranfplanted  garden  beans  and  tranfplanted  brocoli 
flower  fooner,  and  I fuppofe  produce  lefs  Items  or  ftraw,  as  men- 
tioned 
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tioned  in  Se£t.  XVI.  1.2.  I am  alfo  well  informed  by  the  Rev.  Mr. 
Pole  of  Radborne,  that  the  roots  of  thofe  turnips,  which  weredrawn 
out  of  the  ground  and  tranfplanted,  became  confiderably  larger  than 
thofe,  which  were  only  hoed  in  the  common  manner  ; which  I fup- 
pofe  to  have  been  owing  to  many  of  the  extremities  of  the  roots  hav- 
ing been  torn  off  in  drawing  them  out  of  the  ground  ; and  that  thence 
the  tendency  to  (boot  up  the  new  central  ffem  is  delayed,  and  the  re- 
fervoir  of  nourifhment  accumulated  in  the  tuberous  root  is  thus  in- 
created  in  quantity,  as  feveral  of  thefe  turnips  weighed  ten  and  eleven 
pounds  ; and  hence  probably  the  tranfplanting  turnips  by  means  of 
a cylindrical  fpade  defcribed  in  Vol.  IV.  of  the  Bath  Society,  which 
tears  the  roots  lefs,  might  not  have  been  fo  advantageous.  Something 
fimilar  occurs  in  tranfplanting  fruit-trees.  See  Sefl.  XV.  2.  4. 

But  the  great  advantage  of  tranfplanting  wheat  above  the  dj  ill- 
husbandry  confifts  in  being  able  at  the  fame  time  to  divide  the  root- 
fcions  from  each  other  ; and  thus  not  only  to  prevent  their  crowd- 
ing each  other,  but  alfo  wonderfully  to  increafe  the  product  from  a 
(ingle  grain,  with  many  other  advantages  mentioned  by  Mr.  Bogle 
in  the  works  of  the  Bath  Society,  Vol.  III.  p.  494. 

Another  great  advantage  of  tranfplanting  wheat  confifts  in  this,  that 
it  may  be  fowred  in  a garden,  one  acre  of  which  will  produce  fets  for 
one  hundred  acres,  if  they  be  divided  and  planted  at  nine  inches  dis- 
tance from  each  other  ; and  as  they  are  not  to  be  tranfplanted  till  the 
fpring,  wheat  may  be  thus  cultivated  in  moifter  fituations  than  would 
otherwife  be  friendly  to  its  growth. 

And  that  a clean  crop  may  be  certainly  thus  procured  ; becaufe  if 
the  land  be  ploughed  immediately  before  the  plants  are  fet  out,  the 
corn  will  fpring  much  quicker  from  the  plants,  than  the  weeds  from 
their  feeds  ; aud  the  com  will  thence  bear  down  the  growth  of  the 
weeds. 

For  many  other  particulars  the  reader  is  referred  to  the  ingenious 
paper  of  Mr.  Bogle  above  mentioned,  who  thinks  the  tranfplanting 
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might  be  done  by  boys  and  girls  at  a fmall  expence ; I fhall  only 
add,  that  rape-feed,  which  is  generally  fown  in  Auguft,  and  not  reaped 
till  the  Auguft  following,  might  be  profitably  transplanted,  as  well  as 
peas  and  beans.  And  laftly,  that  it  is  probable,  that  focne  means  of 
making  the  holes  to  receive  the  plants  might  be  much  expedited  by 
a broad  wheel  to  be  drawn  by  a man  or  horfe  with  prominent  pegs 
on  its  periphery  two  inches  tall,  and  nine  inches  afunder. 

7.  Another  means  of  aeration  and  of  pulverization  has  been  ufed 
in  refpeft  to  wheat  crops  by  many  with  advantage,  and  that  is  by 
drawing  a lightifh  harrow  over  a wheat-crop  in  the  Spring,  which, 
where  a crop  is  thin,  is  particularly  recommended ; and  may  alfo  be 
of  fervice  where  it  is  too  thick. 

The  harrow  by  breaking  the  clods, and  by  turning  up  the  foil  againft 
the  Stems  of  many  plants,  earths  them  deeper  as  in  hoeing  ; and  thus 
by  burying  the  fecond  joint  occafions  it  to  tiller,  or  Shoot  out  new 
root-fcions ; at  the  fame  time  the  earth  is  expofed  to  the  air,  and 
many  weeds  are  rooted  up  and  covered,  and  fome  roots  of  the  corn. 

The  drawing  a Sharp  harrow  over  a field  of  wheat  in  the  Spring 
muft  cut  or  tear  many  of  the  roots  of  thofe  ftems,  which  it  comes 
near,  which  according  to  Mr.  Tull’s  theory  would  Shoot  out  many 
new  radicles,  or  pencils  of  fine  roots,  and  thus  acquire  more  nourish- 
ment. But  I fufpedt  that  tearing  of  many  of  the  root-fibres  prevents 
the  too  luxuriant  growth  of  the  ftem  and  leaves,  and  thence  Sooner 
produces  the  frudlification,  as  in  transplanting.  At  the  fame  time  the 
earth  being  loofened  becomes  more  penetrable  to  the  remaining  roots, 
as  well  as  more  nutritive  from  its  aeration. 

Others  have  even  ploughed  a field  at  this  feafon  with  good  effedb, 
as  Mr.  Bogle  aSTerts  ; but  both  of  them  appear  to  be  only  inferior 
kinds  of  drill  husbandry  ; and  the  former  may  fo  far  be  of  consider- 
able utility. 

8.  Another  method  of  aerating  and  pulverizing  the  foil  of  a wheat 
held  in  Spring  is  by  rolling  it,  which  may  be  done  before  or  after  the 
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ufe  of  the  harrow,  or  without  it.  As  the  furface  of  a wheat  field  is 
generally  left  rough  with  clods  or  eminences,  the  preffure  of  a hea- 
vyifh  roller  will  not  only  pulverize  thefe,  and  thus  expofe  their  inte- 
rior furface  to  the  air,  and  raife  the  foil  round  the  wheat-ftems  above 
the  fecond  joint,  and  thus  induce  them  to  fhoot  out  new  root-fcions, 
or  tiller  ; but  will  alfo  prefs  down  the  wheat  roots  into  the  foil,  and 
thus  alfo  promote  the  growth  of  new  Hems,  as  mentioned  in  Sedl. 
XVI.  2.  5.  if  it  be  performed,  when  the  ground  is  neither  too  wet 
nor  too  dry  for  fuch  an  operation. 
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SECT  XIIL 

OF  LIGHT,  HEAT,  ELECTRICITY. 

I.  i.  Light  and  heat  are  different  fluids.  Light  does  not  heat  transparent  bodies. 
A glajs  fire-Jcreen , combines  with  cpake  bodies , and  heat  is  detruded.  1.  Light 
combines  with  Jolid  oxygen , and  with  heat  converts  it  into  gas.  Perfpiration  of 
plants  is  decompofed  by  light.  The  hydrogen  retained  gives  the  green  colour.  Wa- 
ter hyper -oxygenated.  Oxygenated  marine  acid.  Colour lefs  nitrous  acid.  A branch 
immerjed  in  carbonic  acid  and  water.  3.  Etiolation  of  vegetables.  Bleaching  ow- 
ing to  oxygen.  Colour  of  plants  to  hydrogen , and  the  yellow  tan  of  the fkin.  Pun 
air  from  dew.  Perfpiration  of  plants  oxygenated.  Light  tans  living  bodies , and 
bleaches  dead  ones , both  vegetable  and  animal.  4.  Ufe  of  light  in  vegetable  refpi- 
ration.  Plants  do  not  refpire  in  the  night.  Truffles  and  fungi  live  without  light. 
5.  Spring  water  frequently  oxygenated.  Air  liberated  by  points.  6.  Plants  re- 
quire oxygen.  Fallacy  of  contrary  experiments.  II.  1 . H t at  univerfal.  Counter- 
acts gravitation.  Is  the  caufe  of fluidity , and  of  aeriform  ft  ate.  Particles  of  mat- 
ter do  not  touch.  Heat  becomes  combined.  Is  fet  at  liberty  in  production  of  acids. 
In  freezing  water.  2.  Frofl  deftroys  fluidity.  Ice  expands.  Separates  compound 
fluids  from  each  other , and  burfts  the  veffels  of  plants.  Not  of  evergreens.  Rime 
frofts  and  black  frofts.  Low  fltuations  not  proper  for  gardens.  Uje  of  coping  ft  ones 
on  fruit- walls.  Rows  of  young  peas  from  S.  E.  to  S.  W.  Bend  fig-trees  on  the 

ground.  Frofl  erroneoufly  believed  to  meliorate  the  foil,  and  to  be  wholefome.  Clay 
rendered  denfer  by  frofl.  Snow  protects  plants.  Animals  covered  with  fnow  are 
not  wet  or  ftarved.  Lichen  rangiferinus  3.  Cold  deftroys  vegetable  irritability. 
Heat  is  a ftimulus.  Acquired  habits  of  plants.  4.  Cold  produced  by  evaporation. 
Plants  not  to  be  watered  in  the  funfhine.  III.  1.  FlitCTRicity  confifts  of  two 
fluids.  Forwards  the  growth  of  plants  whether  pofitive  or  negative.  Lightning 

deftroys  them.  2.  It  aflifts  the  decompofltion  of  water  in  vegetables.  3.  Clouds 
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are  generally  eleElrifed  plus.  Experiment  on  vapour.  Rain  from  hydrogen  and 
oxygen.  Thunder  Jhowers.  4.  Electric  points  to  collect  dew3  and  promote  ve- 
getation. Electric  clock. 

1. 1.  Philosophers  are  not  yet  agreed,  whether  light  and  heat  be  the 
fame  fluid  under  different  modifications,  or  two  different  fluids, which 
‘exift  frequently  together.  The  latter  opinion  feems  to  be  more  pro- 
bable from  the  circumftances  related  below,  and  alfo  from  the  ana- 
logy of  other  aqueous,  aerial,  or  ethereal  fluids,  which  appear  to  con- 
fift  of  two  other  fluids  combined  or  diffufed  with  each  other.  Thus 
water  confifts  of  oxygen  and  hydrogen  combined  together.  Atmo- 
fpheric  air  of  oxygen  and  nitrogen  diffufed  together.  Electricity  pro- 
bably confifts  of  two  fluids,  which  may  be  termed  vitreous, and  re- 
finous  eleCtricity.  Magnetifm  alfo  probably  confifts  of  two  fluids, 
which  conftitute  northern  and  fouthern  polarity.  The  power  of  at- 
traction feems  to  confift  of  gravitation  and  of  chemical  affinity.  And 
laftly,  the  element  of  fire  confifts  I fuppofe  of  light  and  heat. 

The  diffimilarity  of  light  and  heat  is  evinced  by  this  Ample  cir- 
cumftance;  that  as  light  gives  no  heat  to  tranfparent  bodies,  which 
the  emanations  from  a fire  do,  there  is  reafon  to  believe  them  to  be 
different  fluids.  Thus  when  fmoke  is  blown  near  the  focus  of  a large 
burning  glafs,  it  does  not  afcend  ; which  thews,  that  the  air  is  not 
heated  and  rarified  by  it ; though  it  would  burn  or  vitrify  in  an  in- 
ftant  any  opake  body,  which  might  be  oppofed  to  it ; but  the  ema- 
nations of  heat  from  a fire  foon  ratify  and  warm  the  air  in  its  vicinity  t 
caufing  it  to  afcend,  as  may  be  feen  by  a fpiral  card-vann  placed  over 
a chimney-piece,  and  which  is  agreeably  feen  in  the  ufe  of  the  new 
glafs  fire-fcreens  of  Parifian  invention,  which  placed  before  a parlour 
fire  permit  the  rays  of  light  to  pafs,  but  intercept  the  emanations  of 
fluid  heat. 

Whence  it  would  feem,  that  light  does  not  itfelf  communicate  heat 
to  opake  bodies,  when  it  falls  on  them;  but  combines  with  them, 
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and  by  that  union  heat  is  detruded  or  given  out ; which  heat  may 
produce  inflammation  of  the  material,  if  it  be  of  an  inflammable  na- 
ture, by  uniting  it  with  the  oxygen  of  the  atmofphere  ; and  thus 
producing  an  eduCtion  of  more  heat  from  the  oxygen,  and  greater  in- 
flammation of  the  burning  body. 

2.  Another  effential  difference  between  light  and  heat  conflfls  in 
the  particular  attraction  of  the  former  to  oxygen  ; infomuch  that  by 
their  union  the  combined  or  folid  oxygen  becomes  changed  into  an 
aerial,  or  gaffeous  ffate ; as  conffantly  occurs,  when  the  fun  fhines 
on  the  hyper-oxygenated  water,  which  is  perfpired  or  exhaled  from 
plants,  as  mentioned  in  Botanic  Garden,  Vol.  I.  Cant.  IV.  1.  25.  But 
as  an  addition  of  heat  feems  neceffary  to  the  converfion  of  a folid  or 
fluid  body  into  an  aerial  or  gaffeous  one,  I fuppofe  the  fun’s  light  at 
the  fame  time  by  combining  alfo  with  the  water  fets  at  liberty  fome 
latent  heat  from  it,  which  gives  wings  to  the  oxygen. 

The  water  perfpired  by  plants,  when  expofed  to  the  funfhine,  is 
believed  to  be  decompofed,  as  it  efcapes  from  the  fine  extremities  of 
the  exhalent  or  perfpirative  veffels  of  plants;  and  that  the  hydrogen 
is  reabforbed  by  the  mouths  of  thofe  veffels,  as  explained  in  Botanic 
Garden,  Vol.  I.  note  34.  That  this  happens  to  a certain  degree  is 
evinced  by  etiolated  or  blanched  vegetable  leaves  becoming  green, 
when  expofed  to  the  funfhine  in  a few  days  ; which  is,  I believe, 
produced  by  their  retaining  the  hydrogen  of  the  water  they  perfpire, 
as  it  is  decompofed  by  the  fun’s  light. 

But  it  is  alfo  probable,  that  the  perfpired  fluid  of  plants  is  previ- 
oufly  hyper-oxygenated  in  the  vegetable  circulation.  Firff,  becaufe 
there  is  never  perceived  any  fmell  of  hydrogen  to  attend  this  procefs 
of  liberating  oxygen  by  the  fun’s  light.  And  fecondly,  becaufe  the  fol- 
lowing productions  of  oxygen  gas  by  the  fun’s  light  are  fimilar  phe- 
nomena ; though  I fuppofe  the  points  or  hairs  on  vegetable  leaves  may 
contribute  to  the  efcape  of  the  oxygen,  as  explained  in  Botanic  Gar- 
den, Vol.  I,  note  10. 
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Sir  Benj.Thompfon,  now  Count  Rumford,  in  a paper  publifhed  in 
Philof.  Tranfatt.  Vol.  LXXVII.  put  thirty  grains  of  raw  filk  previ- 
oufly  wafhed  into  fome  fpring  water,  and  expofing  it  fome  hours  to 
the  funfhine  obtained  from  it  very  pure  vital  air,  or  oxygen  gas.  In 
that  experiment  the  fpring  water  feems  to  have  been  in  a Rate  of  hy- 
per-oxygenation, and  the  points  or  fine  edges  of  the  raw  filk  to  have 
afiifled  its  liberation  from  the  water  in  the  funfhine,  as  explained  in 
Botanic  Garden,  Vol.  II.  note  on  fucus.  2.  The  hyper-oxygenated 
marine  acid  is  known  very  haflily  to  part  with  its  fuperabundant 
oxygen  in  the  funfhine.  3.  Mr.  Scheele  inverted  a glals  veffel  filled 
with  colourlefs  nitrous  acid  into  another  glafs-veffel  containing  the 
fame  acid  ; and  on  expofing  them  to  the  fun’s  light,  the  inverted  glafs 
became  partly  filled  with  pure  air,  and  the  acid  at  the  fame  time  be- 
came coloured.  Crell’s  Annal.  1786. 

As  water  contains  85  hundredth  parts  of  oxygen  to  15  of  hydro- 
gen, it  may  become  much  oxygenated  occafionally  by  a fmall  lofs  of 
hydrogen  in  the  vegetable  fyftem  ; or  by  the  carbonic  acid  being  de- 
compofed  in  plants  by  the  fecretion  of  carbon,  which  conftitutes  fo 
great  a part  of  them  ; and  that  on  both  of  thefe  accounts  they  may 
yield  oxygen  gas,  when  expofed  to  the  fun’s  light,  as  appears  from  the 
following  experiment  related  from  Von  Uflar  by  G.  SchmeiflTer.  Ob- 
fervat.  on  Plants.  Creech,  Edinburgh,  p.  92. 

If  two  branches  of  a plant  are  immerfed,  one  in  common  water,  and 
the  other  in  water  impregnated  with  carbonic  acid,  we  then  find, 
that  the  branch  immerfed  in  the  latter  yields  a much  greater  quan- 
tity of  oxygenous  gas  in  the  funfhine  than  the  other.  The  difference 
in  iome  experiments  has  been  found  in  the  proportion  of  264  to  1. 
But  the  proportions  vary  when  different  plants  aie  fubje&ed  to  trial. 
Thus  the  carbonic  acid,  with  which  the  water  is  impregnated,  is  de- 
compofed  by  the  branch,  the  carbon  apparently  enters  into  the  ccn- 
ftitution  of  the  plant,  while  the  oxygen  is  fet  at  liberty,  and  efcapes 
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ia  the  form  of  gas  in  the  funfhine  ; but  not  in  the  night,  as  then  the 
carbon  is  perfpired  along  with  it. 

3.  A third  circumftance,  in  which  the  effects  of  light  differ  eflfen- 
tially  from  thofe  of  heat,  appears  in  the  blanching  or  etiolation  of  ve- 
getables ; under  whatever  temperature  of  heat  a plant  is  kept,  it  be- 
comes white,  if  the  light  be  excluded  from  it,  and  is  lb  far  difeafed, 
as  mentioned  in  Sedt.  XIV.  2.  4.  Whence  all  vegetables  turn  towards 
the  window,  if  confined  in  a room,  and  in  denfe  woods  grow  taller, 
than  in  open  grounds,  for  the  purpofe  of  acquiring  accefs  to  this  ne- 
ceffary  fluid.  On  this  fubjedl  many  experiments  are  related  by  M. 
Senebier  on  vegetables  confined  in  a dark  cavern. 

From  the  experiment  lafl:  related  of  the  nitrous  acid  becoming  co- 
loured, when  the  fuperabundant  oxygen  was  volatilized  by  the  fun’s 
light,  or  attracted  from  it  ; and  from  the  experiments  of  bleaching 
-cotton  by  the  hyper-oxygenated  marine  acid,  where  the  union  of 
oxygen  with  the  colouring  matter  feems  to  deftroy  the  latter  by 
forming  a new  acid,  which  is  colourlefs,  it  appears,  that  the  abfence 
of  oxygen  occafions  the  colour  of  vegetable  bodies,  probably  by  the 
accumulation  of  hydrogen  ; and  that  on  this  account,  when  they  are 
fecluded  from  the  light,  they  become  white,  or  blanched,  or  etiolat- 
ed, by  their  not  being  in  a fituation  to  part  with  fo  much  oxygen, 
as  when  they  are  expofed  to  the  light. 

Hence  plants  growing  in  the  fhade  are  white,  and  become  green 
by  being  expofed  to  the  fun’s  light ; for  their  natural  colour  being 
blue,  the  addition  of  hydrogen  adds  yellow  to  this  blue,  and  tans  them 
green. 

I fuppofe  a fimilar  circumflance  takes  place  in  animal  bodies  ; their 
perfpirable  matter  is  probably  hyper- oxygenated  ; and,  as  it  efcapes 
in  the  funfhine,  lofes  its  fuperabundant  oxygen  ; and  by  the  hydro- 
gen being  retained  the  lkin  becomes  tanned,  yellow.  Though  this 
muff  occur  in  lefs  quantity  in  animals,  as  they  perfpire  fo  much  lefs 
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than  vegetables ; and  the  greatefl  part  of  their  perfpired  matter,  which 
exhales  from  the  lungs,  is  not  expofed  to  the  fun’s  light.  In  proof 
of  this  it  muft  be  obferved,  that  both  vegetable  and  animal  fubftances 
become  bleached  white  by  the  fun-beams  and  water,  when  they  are 
dead,  as  cabbage-flalks,  bones,  ivory,  tallow,  bees-wax, linen  and  cotton 
cloth  ; and  hence,  I fuppofe,  the  copper  coloured  natives  of  funny 
countries  might  become  etiolated,  or  blanched,  by  being  kept  from 
their  infancy  in  the  dark,  or  removed  for  a few  generations  to  more 
northern  climates. 

It  is  probable,  that  on  a funny  morning  much  pure  air  becomes 
feparated  from  the  dew  by  means  of  the  points  of  vegetables,  on 
which  it  adheres,  and  much  inflammable  air  imbibed  by  the  vegeta- 
ble, or  combined  with  it  ; .and,  by  the  lun’s  light  thus  decompofing 
water,  the  effects  of  it  in  bleaching  linen  feem  to  depend  ; the 
water  is  decompofed  by  the  light  at  the  ends  or  points  of  the  cotton 
or  thread  ; and  the  vital  air  unites  with  the  phlogiftic  or  colouring 
matters  of  the  cloth  ; and  produces  a new  acid,  which  is  either  itfelf 
colourlefs,  or  wafhes  out ; at  the  fame  time  the  hydrogen  or  inflam- 
mable part  of  the  water  efcapes.  Hence  there  feems  a reafon,  why 
cotton  bleaches  fo  much  foaner  than  linen  ; viz.  becaufe  its  fibres  are 
three  or  four  times  fhorter,  and  therefore  protrude  fo  many  more 
points  ; which  feem  to  facilitate  the  liberation  of  the  vital  air  from 
the  inflammable  part  of  the  water. 

A fun-flower  three  feet  and  a half  high,  according  to  the  experi- 
ment of  Dr.  Hales,  perfpired  two  pints  in  one  day,  (vegetable  flatics) 
which  is  many  times  as  much  in  proportion  to  its  furface,  as  is  per- 
fpired from  the  furface  and  lungs  of  animal  bodies;  it  follows,  that 
the  vital  air,  liberated  from  the  furface  of  plants  by  the  funfhine,  mufi 
much  exceed  the  quantity  of  it  abforbed  by  their  refpiration  ; and 
that  hence  they  improve  the  air,  in  which  they  live,  during  the  light 
part  of  the  day;  and  thus  blanched  vegetables  will  fooner  become 
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tanned  into  green  by  the  fun’s  light,  than  etiolated  animal  bodies  will 
become  tanned  yellow  by  the  fame  means. 

Laflly.  This  retention  of  the  hydrogen  on  the  fkins  of  vegetables 
and  animals,  when  their  perfpirable  matter  isdecompofed  by  the  fun’s 
light,  and  by  which  the  former  becomes  green,  and  the  latter  yel- 
low, is  evidently  owing  to  the  power  of  life  ; becaufe  when  either 
of  them  are  dead,  the  a&ion  of  the  funfhine  on  the  water  fprinkled 
on  them  again  blanches  them,  or  bleaches  them  white. 

It  is  hence  evident,  that  the  curious  dilcovery  of  Dr.  Prieflley,  that 
his  green  vegetable  matter,  and  other  aquatic  plants,  gave  out  vital 
air,  when  the  fun  fhone  upon,  them  ; and  the  leaves  of  other  plants 
did  the  fame  when  immerfed  in  water,  as  obferved  by  Mr.  Ingen- 
houz,  refer  to  the  perfpiration  of  vegetables,  not  to  their  refpiration. 
Becaufe  Dr.  Prieflley  obferved  the  pure  air  to  come  from  both  fides 
of  the  leaves,  and  even  from  the  flalks  of  a water-flag,  whereas  one 
fide  of  the  leaf  only  ferves  the  office  of  lungs,  and  certainly  not  the 
flalks.  Exper.  on  Air,  Vol.lII.  And  thus  in  refped  to  the  circum- 
flance,  in  which  plants  and  animals  feemed  the  fartheft  removed  from 
each  other,  1 mean  in  their  fuppofed  mode  of  refpiration,  by  which 
one  was  believed  to  purify  the  air,  which  the  other  had  injured,  they 
leem  to  differ  only  in  degree;  and  the  analogy  between  them  re- 
mains unbroken. 

4.  The  contefl  for  light,  as  well  as  for  air,  which  is  fo  vifible  in 
the  growth  of  vegetables,  as  defcribed  in  Botanic  Garden,  Vol.  II. 
note  on  cufcuta,  ffiews  the  former  to  be  of  great  confequence  to  their 
exiftence  as  well  as  the  latter.  Thus  many  flowers  follow  the  fun 
during  the  courfe  of  the  day  by  the  nutation  of  the  ftalks,  not  by 
the  rotation  of  them,  as  obferved  in  the  fun-flower  by  Dr.  Hales  ; 
and  the  leaves  of  all  plants  endeavour  to  turn  their  upper  furface  to 
the  light,  which  is  their  refpiratory  organ,  or  lungs,  as  ffiewn  in 
Se£l.  IV. 
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The-  great  ufe  of  all  plants  turning  their  upper  furfaces  of  their 
leaves  to  the  light  is  thus  intelligible  ; the  water  perfpired  from  thofe 
fui  faces  is  hyper-oxygenated  ; and,  as  it  efcapes  from  the  fharp  edges 
of  the  mouths  of  the  perfpiring  veffels,  when  adted  upon  by  the  fun’s 
light,  gives  out  oxygen  ; which  oxygen,  thus  liberated  from  the  per-- 
fpired  water,  and  added  to  that  of  the  common  atmofphere,  prefents 
to  the  refpiratory  terminations  of  the  pulmonary  arteries  on  the  upper 
furfaces  of  leaves  an  atmofphere  more  replete  with  vital  air. 

This  neceffity  of  light  to  the  refpiration  of  vegetables  is  fo  great, 
that  there  is  realon  to  believe,  that  many  plants  do  not  refpire  during 
the  night,  but  exift  in  a torpid  lfate  like  winter  fleeping  infects. 
Thus  the  mimofa,  fenfible  plant,  and  many  others,  clofe  the  upper 
furfaces  of  their  oppofite  leaves  together  during  the  night,  and  thus 
preclude  them  both  from  the  air  and  light.  And  the  internal  fur- 
faces of  innumerable  flowers,  which  are  their  refpiratory  organs,  are 
clofed  during  the  night,  and  thus-  unexpofed  both  to  light  and  air. 

The  fungi  neverthelefs,  which  are  termed  vegetables,  becaufe 
they  are  fixed  to  the  earth,  or  to  the  Rones,  or  trees,  or  timber, 
where  they  are  found,  can  exifl  without  light  or  much  air;  as  ap- 
pears in  the  truffle,  which  never  appears  above  ground  ; and  by  other 
fungi,  which  grow  in  dark  cellars  ; and  in  efculent  mufhrooms, 
which  are  cultivated  beneath  beds  of  ftraw.  Prom  this  circumffance 
of  their  exifting  without  light,  and  from  their  fmell  of  volatile  al- 
kali, like  burnt  feathers,  when  they  are  burnt,  and  from  their  tafte 
when  cooked  and  eaten,  they  feem  to  approximate  to  the  animal 
kingdom. 

5.  Laftly.  It  may  neverthelefs  be  fufpedled,  that  in  many  of  the 
experiments  of  Dr.  Prieflley  and  Dr.  Ingenhouz,  the  produdtion  of 
vital  air  might  be  Amply  owing  to  the  adtion  of  the  fun’s  light  on 
the  water,  in  which  the  vegetables  were  immerfed,  like  that  from 
the  filk  in  the  experiment  of  Count  Rumford ; and  that  the  fine 
points,  or  fharp  edges  of  thofe  bodies,  contributed  only  to  facilitate 
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the  liberation  of  it,  when  expofed  to  the  funfhine,  which  thus  dif- 
oxygenate  the  water  by  their  united  effect. 

This  appears  on  immerfinga  dry  hairy  leaf  in  water  frefh  from  a 
pump,  innumerable  globules  like  quickfilver  appear  on  almoft  every 
point ; for  the  extremities  of  rhefe  points  attraCl  the  particles  of  wa- 
ter lefs  forcibly,  than  thofe  particles  attract  each  other ; hence  the 
contained  air,  whofe  elafticity  was  but  juft  balanced  by  the  attractive 
power  of  the  furrounding  particles  of  water  to  each  other,  finds  at 
the  point  of  each  fibre  a place,  where  the  refiftance  to  its  expanfion 
is  lefs  ; and  in  confequence  it  there  expands,  and  becomes  a bubble  of 
air.  It  is  eafy  to  forefee,  that  the  rays  of  the  funfhine,  by  being  re- 
fracted and  in  part  refleded  by  the  two  furfaces  of  thefe  minute  air- 
bubbles,  muft  impart  to  them  much  more  heat  than  to  the  tranfpa- 
rent  water ; and  thus  facilitate  their  afeent  by  further  expanding 
them  ; and  that  the  points  of  vegetables  attraft  the  particles  of  water 
lefs,  than  they  attradl  each  other,  is  feen  by  the  fpherical  form  of 
dew-drops  on  the  points  of  grafs. 

6.  It  may  be  added  in  this  place,  that  there  may  alfo  be  a fallacy 
in  the  fuppofed  refults  of  thofe  experiments,  where  plants  have  been 
confined  in  hydrogen  or  azote  mixed  with  atmofpheric  air;  and  have 
been  believed  to  have  vegetated  more  vigoroufly,  and  to  have  me- 
liorated the  air.  In  thefe  experiments  I fufped,  that  the  impure  part 
of  the  air  was  attracted  by  the  water,  and  taken  up  by  the  abforbents 
of  the  roots  of  the  plants  from  the  water,  rather  than  by  the  abforbents 
of  their  leaves  or  ftems  in  the  air;  and  that  the  melioration  of  the  air 
was  occafioned,  as  above  deferibed,  by  the  aCfion  of  the  light  on  the 
water  perfpired  from  the  furface  of  the  plant,  or  liberated  by  its 
points  from  the  water,  with  which  part  of  it  was  covered.  This  is 
rendered  more  probable,  becaufe  plants  and  feeds  in  the  experiments 
of  others  ceafed  to  vegetate  in  thofe  gaffes,  which  were  totally  de- 
prived of  oxygen,  as  in  M.  Scheele’s  experiments  on  the  growth  of 
feeds. 
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II  1.  The  fluid  matter  of  heat  is  one  of  the  mold  extenfive  ele- 
ments in  nature,  perhaps  next  to  that  of  gravitation  ; all  other  bodies 
are  immerfed  in  it,  and  are  preferved  in  their  prefent  ftate  of  folidity 
or  fluidity  by  the  different  attraction  of  their  particles  to  the  matter 
of  heat,  which  thus  counteradds  the  powers  of  gravitation,  and  of 
chemical  affinity,  which  would  otherwife  comprefs  them  into  one 
folid  chaotic  mafs  ! 

Since  all  known  bodies  are  contra&ible  into  lefs  fpace  by  depriving 
them  of  fome  portion  of  their  heat ; and  as  there  is  no  part  of  nature 
totally  deprived  of  heat  ; there  is  reafon  to  believe,  that  the  particles 
of  bodies  do  not  touch,  but  are  held  towards  each  other  by  their  felf- 
attra&ion,  or  recede  from  each  other  by  their  attra&ion  to  the  mafs 
of  heat,  which  furrounds  them  ; and  thus  exiA  in  an  equilibrium  be- 
tween thefe  two  powers. 

If  more  of  the  matter  of  heat  be  applied  to  them,  they  recede  far- 
ther from  each  other,  and  become  fluid  ; if  Rill  more  be  applied,  they 
take  an  aerial  form,  and  are  termed  gafles ; and  it  is  probable,  that 
the  ethereal  fluid  of  electricity  may  alfo  be  diffufed  with  heat,  as  well 
as  the  ethereal  fluid  of  light. 

Thus  when  water  is  heated  to  a certain  degree,  it  would  inflantly 
aflume  the  form  of  Ream,  but  for  the  preflure  of  the  atmofphere  ; 
which  prevents  this  change  from  taking  place  fo  eafily  ; the  fame  is 
true  of  quickfllver,  diamonds,  and  of  perhaps  all  other  bodies  in  na- 
ture; they  would  firR  become  fluid,  and  then  aeriform,  by  appro- 
priated degrees  of  heat.  On  the  contrary,  this  elaftic  matter  of  heat, 
termed  Calorique  in  the  new  nomenclature  of  the  French  academi- 
cians, is  liable  to  become  confolidated  itfelf  in  its  combinations  with 
fome  bodies,  as  certainly  in  nitre,  and  probably  in  combuflible  bodies, 
as  fulphur  and  charcoal. 

Th  is  combined  heat  is  univerfally  fet  at  liberty  in  the  production 
of  acids  by  the  union  of  oxygen  with  all  inflammable  bodies,  as  fliewn 
in  Sett.  XII.  1.  It  is  alfo  taken  from  fome  bodies  by  the  vicinity  of 
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very  cold  ones,  as  water  when  frozen  lofes  fuddenly  a part  of  its 
combined  heat,  at  the  moment  it  becomes  ice. 

2.  It  is  evident,  that  without  fluidity  the  blood  or  juices  can  not 
circulate  in  animal  or  in  vegetable  veflels  ; whence  fo  great  a dimi- 
nution of  heat  as  to  produce  froft  on  this  account  would  deftroy  them 
if  long  continued  ; at  the  fame  time  too  great  a dedudlion  of  heat  is 
known  to  deftroy  the  irritability  of  animal  as  well  as  of  vegetable 
fibres,  and  muft  on  this  account  alfo  prevent  the  circulation  of  their 
fluids,  and  occafion  the  mortification  of  parts  of  them,  or  the  death 
of  the  whole.  But  when  fluids  are  converted  into  ice,  the  bulk  of 
them  is  enlarged  to  a confiderable  degree,  and  that  with  fuch  vio- 
lence as  to  burft  iron  veflels,  as  bombs,  which  are  filled  with  wrater. 
Whence  in  this  manner  alfo  froft  deftroys  thofe  parts  of  vegetables, 
which  are  mod  fucculent ; as  the  early  (hoots  of  alh  trees,  and  other 
young  plants,  are  frequently  deftroyed  in  the  beginning  of  May  by  a 
frofty  night. 

The  veflels  of  thefe  fucculent  parts  of  plants  are  diftended  and 
burft  by  the  expanfion  of  their  frozen  fluids;  while  the  drier  or  more 
refinous  vegetables,  as  pines,  yews,  laurels,  and  other  evergreens,  are 
lefs  liable  to  injury  from  cold.  The  trees  in  valleys  are  on  this  ac- 
count more  liable  to  injury  by  the  vernal  frofts,  than  thofe  on  emi- 
nences; becaufe  their  early  fucculent  fhoots  appear  fooner  in  the 
year. 

Another  method,  by  which  the  act  of  freezing  may  deftroy  vege- 
table life,  may  be  by  feparating  fome  part  of  their  fluids  from  other 
parts  of  them.  Thus  when  wine,  or  vinegar,  or  fait  and  water,  or 
clay  diffufed  in  water,  and  perhaps  milk,  are  frozen  ; the  watery 
part,  as  it  congeals,  protrudes  from  its  forming  cryftals  the  fpirit,  the 
acid,  the  fait,  the  clay,  and  probably  the  opake  particles  of  the  milk  ; 
and  by  a fimilar  procefs  on  vegetable  and  perhaps  on  animal  fluids, 
when  expofed  to  great  cold,  they  may  be  rendered  unfit  for  future 
circulation  or  life.  See  Sedt.  XV.  4.  1, 
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The  expanfion  of  ice  neverthelefs  well  accounts  for  the  greater 
mifchief  which  is  fometimes  done  by  vernal  frofl,  when  preceded  by 
much  rain,  or  miff,  or  dew,  as  by  hoar-frofl,  than  by  the  dry  frofts 
without  rime,  called  black  frofls  ; as  the  vegetable  veflels  are  then 
fuller  of  fluids.  But  when  mill:  or  dew  attends  a frofly  night,  but 
has  not  preceded  it,  I fuppofe  a hoar  frofl:  may  be  lefs  injurious  than 
a black  frofl: ; as  the  cafe  of  ice  on  the  buds  of  trees,  or  on  young 
grafl,  being  inftantly  produced,  covers  them  with  a bad  condudor 
of  heat,  and  prevents  them  from  being  expofed  to  fo  great  cold,  as 
in  the  continuance  of  a black  frofl  without  hoar  or  rime.  See  Sed. 
XV.  3.  5. 

Mr.  Laurence,  in  a letter  to  Mr.  Bradley,  complains,  that  the  daie- 
mift  attended  with  a frofl  on  May-day  had  deftroyed  all  his  tender 
fruits  ; though  there  was  a Iharper  frofl  the  night  before  without  a 
mift,  that  did  him  no  injury ; and  adds,  that  a garden  not  a flone’s 
throw  from  his  own  on  a higher  fituation,  being  above  the  dale-mift, 
had  received  no  damage.  Bradley,  V.  II.  p.  232.  From  this  inftruc- 
tive  fad  it  appears,  that  very  low  fituations  even  in  this  cold  climate 
are  not  proper  for  the  purpofes  of  a garden.  And  on  the  contrary, 
very  high  fituations  are  equally  improper  on  account  of  their  greater 
cold,  and  the  confequent  backwardnefs  of  their  vegetable  produds. 
See  Sed.  XV.  3.  5. 

Hence  fruit  trees  againft  a wall,  which  are  covered  with  coping 
flones  projeding  fix  inches  over  them,  are  lefs  injured  by  the  vernal 
frofts  ; becaufe  their  being  thus  flickered  from  the  defcending  night- 
dews  has  prevented  them  from  being  moift  at  the  time,  they  were 
frozen  ; which  circumftance  has  given  rife  to  a vulgar  error  amongfl 
gardeners,  who  fuppofe  frofl  to  defcend. 

Hence  as  the  freezing  winds  of  this  country  are  from  the  north- 
eaft,  a gardener  fihould  extend  his  rows  of  young  peas  and  beans  from 
the  fouth-eaft  to  the  north-wefl,  and  raife  a mound  of  earth  behind 
them,  and  might  Ihelter  them  occafionally  with  flraw,  placed  on  the 
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ground  behind  the  young  plants,  and  fupported  a few  inches  over 
them  in  front  by  poles  placed  horizontally  over  the  rows ; remem- 
bering the  old  proverb, 

The  wind  from  north-eafl 
Deflroys  man  and  bead ; 

The  wind  from  fouth-weft 
Is  always  the  bed. 

The  immediate  caufe  of  the  coldnefs  of  the  N.  E.  winds  is,  that 
they  confifl  of  regions  of  air  brought  from  the  north  over  evaporat- 
ing ice,  and  gain  an  apparent  eaflerly  dire&ion,  becaufe  they  arrive 
at  a part  of  tbe  furfaceof  the  earth,  which  moves  with  greater  velo- 
city, than  the  furface  of  the  part  of  the  earth,  they  come  from.  So 
on  the  contrary  the  S.W.  winds  are  warm,  as  they  confifl:  of  regions 
of  air  brought  from  the  fouth,  and  gain  an  apparent  weflerly  direc- 
tion, becaufe  they  arrive  at  a part  of  the  earth’s  furface,  which  moves 
flower  than  the  furface  nearer  the  equator,  whence  they  came,  and 
of  which  they  had  previoufly  acquired  the  velocity. 

As  the  common  heat  of  the  earth  in  this  climate  is  48  degrees, 
thofe  tender  trees,  which  will  bear  bending  down,  are  eafily  lecured 
from  the  frofl  by  fpreading  them  upon  the  ground,  and  covering 
them  with  draw  or  fern.  This  particularly  fuits  fig-trees,  as  they 
are  very  flexible,  and  as  they  are  furnifhed  with  an  acrid  juice,  which 
defends  them  from  infe&s ; but  I have  neverthelefs  found  them  in 
this  fituation  much  eaten  by  mice. 

It  has  been  believed  by  many,  that  frofl  meliorates  the  ground  ; 
but  it  is  now  well  known,  that  ice  contains  no  nitrous  particles,  as 
was  formerly  fuppofed  ; and  that  though  frofl  by  enlarging  the  bulk 
of  fome  moifl  foils  may  leave  them  more  porous  for  a time  after  the 
thaw  ; yet  as  the  water  exhales,  the  foil  becomes  as  hard  as  before, 
being  prefTed  together  by  the  incumbent  atmofphere.  And  from  an 
obfervation  of  Mr.  Kirwan’s,  mentioned  in  Seflion  XV.  4.  1.  it  ap- 
pears. 
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pears,  that  moift  clay  becomes  denfer  or  more  folid  by  being  frozen  ; 
and  if  this  fhould  not  occur,  yet  it  .would  quickly  become  as  folid  as 
before  by  the  felf-attradion  of  its  particles,  called  Jetting  by  the  pot- 
ters ; as  well  as  by  the  prefture  of  the  atmofphere  ; as  its  water  ex- 
hales, and  leaves  vacuities  between  its  particles.  Add  to  this,  that  on 
the  coafls  of  Africa,  where  froft  is  unknown,  the  fertility  of  the  foil 
is  much  fuperior  to  our  own. 

In  refped  to  the  commonly  fuppofed  falubrity  of  frofty  feafons  to 
mankind,  and  to  other  animals,  the  bills  of  mortality  are  an  evidence 
in  the  negative  in  refped  to  mankind,  as  in  long  frofts  many  weakly 
and  old  people  perifh  from  debility,  occafioned  by  the  diminifhed  heat 
not  being  fufficient  to  excite  into  adion  their  veflels  previouily  too 
inirritable  ; and  many  birds,  and  other  wild  animals,  and  tender  vege- 
tables, perifh  benumbed  by  the  degree  and  continuance  of  the  cold. 

It  fhould  however  be  obferved,  as  frofly  air  is  alway  dry,  except 
when  frozen  mifls  difiolve,  as  they  adhere  to  the  warmer  fkins  of  ani- 
mals, that  it  does  not  generally  affed  us  with  fo  great  a fenfation  of 
cold,  as  when  air  near  the  freezing  point  is  loaded  with  moifture  ; as 
the  moifture  of  fuch  air  is  perpetually  evaporating  from  our  fkins, 
and  produces  on  them  a degree  of  cold  greater  than  the  Ample  con- 
tad  of  dry  air  produces,  when  it  is  but  a little  beneath  the  freezing 
point.  Hence  frofty  air  is  more  agreeable  to  thofe  young  or  ftrong 
people,  who  can  keep  themfelves  warm  by  exercife  ; that  is,  who  can 
generate  heat  by  increafed  fecretions.  But  fevere  and  continued 
frofts  deftroy  the  old  and  infirm,  who  cannot  ufe  much  exertion  ; 
and  the  children  of  the  poor,  who  want  both  food,  fire,  and  cloth- 
ing, in  this  harfh  climate. 

It  may  neverthelefs  be  true,  that  fnovvs  of  long  duration  in  our  win- 
ters may  be  lefs  injurious  to  vegetation  than  great  rains  and  fhorter 
frofts.  1.  Becaufe  great  rains  carry  down  many  thoufand  pounds 
worth  of  the  beft  manure  into  the  fea ; whereas  fnow  diflolves  gra- 
dually, the  upper  furface,  as  it  thaws,  Aiding  over  the  under  part, 
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which  remains  frozen,  and  thence  carries  away  lefs  from  the  land 
into  the  rivers  ; whence  a fnow  flood  may  be  diftinguifhed  from  a 
rain  flood  by  the  tranfparency  of  the  water. 

Secondly.  Snow  proteds  vegetables  from  the  feverity  of  the  frofl ; 
fince  it  is  generally  in  a date  of  thaw,  where  it  is  in  contad  with  the 
earth  ; as  the  earth’s  heat  is  48  degrees,  and  that  of  thawing  fnow  is 
320.  The  plants  between  them  are  generally  kept  in  a degree  of 
heat  about  40,  by  which  many  of  them  are  preferved.  On  this  ac- 
count fome  plants  from  Siberia  were  faid  to  perifh  by  the  frofts  at 
Upfal ; becaufe  the  fnows  did  not  commence  at  the  fame  time  as  in 
the  colder  climate,  from  which  they  were  brought. 

Thus  the  lichen  rangiferinus,  coral-mofs,  vegetates  beneath  the 
fnow  in  Siberia,  where  the  degree  of  heat  is  always  about  40  ; that  is 
in  the  middle  between  the  freezing  point  and  the  common  heat  of 
the  earth.  And  as  this  vegetable  is  for  many  months  of  the  winter 
the  foie  food  of  the  rein-deer,  who  discs  furrows  in  the  fnow  to  find 
it ; and  as  the  milk  and  flefh  of  this  animal  is  almoft  the  only  fuf- 
tenance,  which  can  be  procured  by  the  natives  during  the  long  winters 
of  thofe  higher  latitudes,  this  mofs  may  be  faid  to  fupport  fome  mil- 
lions of  mankind. 

Snow  proteds  vegetables,  that  are  covered  by  it,  from  cold,  both 
becaufe  it  is  a bad  conductor  of  heat  itfelf,  and  contains  much  air  in 
its  pores.  When  living  animals  are  buried  in  fnow,  as  fheep,  or 
hares,  the  water,  which  their  warmth  produces,  becomes  abforbed 
into  the  furrounding  fnow  by  capillary  attradion,  and  the  creatures 
are  not  moiflened  by  its  dropping  on  them  ; but  the  cavity  enlarges, 
as  the  fnow  diflolves,  affording  them  both  a dry  and  a warm  habita- 
tion. If  this  was  generally  known,  many  cold  and  weary  travellers 
in  fnowy  nights  mi^ht  be  faved  by  covering  themfelves  with  fnow 
inftead  of  endeavouring  to  proceed. 

It  fhould  be  added  that  Haifenfratz  has  endeavoured  to  Ihew  by 
ingenious  chemical  experiments,  that  rain  water  and  fnow  contain 
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both  of  them  a redundancy  of  oxygen  compared  with  river  water, 
which  they  may  have  acquired  in  their  defcent  through  the  atmo- 
fphere  ; and  that  as  oxygen  is  fhewn  by  the  experiments  of  Ingen- 
houz  and  Senebier  to  promote  the  growth  of  feeds  and  of  plants,  he 
concludes,  that  rain  water  and  fnow  promote  vegetation  in  a much 
greater  degree  than  river  water  or  ice,  which  feems  to  accord  with 
the  popular  obfervations  on  this  fubjedl. 

3.  Mr.  John  Hunter  by  applying  thermometers  to  the  internal  parts 
of  vegetables  newly  opened  difcovered,  that  they  poflefled  in  frofty 
feafons  a degree  of  heat  above  that  of  the  atmofphere,  though  lefs 
than  that  of  cold  blooded  animals.  Whence  another  deleterious  effect 
of  cold  on  vegetable  bodies  mull:  be  by  deftroying  their  irritability, 
and  by  that  means  flopping  the  abforption  and  circulation  of  their 
juices ; in  the  fame  manner  as  is  feen  in  the  pale  benumbed  fingers  of 
fome  people,  when  expofed  to  the  cold  ; and  which  is  the  immediate 
caufe  of  death  in  thofe,  who  perifh  in  the  fnow  in  winter,  which 
occurs  long  before  their  fluids  are  frozen. 

The  necetfity  of  a certain  degree  of  heat  to  produce  or  to  preferve 
the  activity  of  the  abforbent  veflels  of  vegetables  is  well  evinced  by 
the  experiments  of  Hales  and  Duhamel  on  the  rifing  fap  of  vines  in 
the  vernal  months.  On  a fro  fly  day,  when  the  fun  fhone  on  one 
of  thofe  wounded  trees,  the  fap  flowed  on  the  fouth  fide  of  the  tree, 
but  not  on  the  north  fide.  Phyfique  des  arbres,  Vol.  II.  p.  258.  M. 
Duhamel  further  obierves,  that  the  maples  in  Canada,  where  the  frofl: 
is  long  and  fevere,  begin  to  bleed,  when  wounded  with  the  firfl: 
thaw,  and  flop  again,  when  it  freezes  ; and  that  this  in  frofty  days 
occurs  only  on  the  fouth  fide  of  the  tree. 

This  acquaints  us,  that  one  of  the  principal  properties  of  heat  in 
refpedt  to  organic  bodies,  whether  of  vegetables  or  animals,  con- 
fifts  in  its  adting  as  a ftimulus ; and  that  in  a greater  quantity  than 
that,  which  the  organized  being  has  been  accuftomed  to,  it  adls  as 
an  excefs  of  fiimulus ; and  thus  increafes  the  activity  of  the  fyftem 

in 


3io 


LIGHT,  HEAT, 


Sect.  XIII.  3.  1, 

in  refpedt  to  the  abforption  of  its  food,  circulation  of  its  juices,  and 
quantity  of  its  fecretions,  and  confequently  to  its  more  rapid  growth; 
but  all  increafe  of  ftimulus  becomes  injurious  by  its  excefs,  and  is  cer- 
tainly followed  by  debility ; as  is  feen  in  thofe  of  our  own  fpecies, 
who  are  habitually  kept  in  too  warm  rooms,  or  are  accuftomed  to 
drink  intoxicating  liquors. 

Hence  a wife  gardener  mud  regard  the  acquired  habits  of  tender 
vegetables ; the  inhabitants  of  his  green  houfe,  and  thofe  plants, 
which  have  been  expofed  to  a greater  heat  for  any  length  of  time, 
fhould  be  gradually  cooled,  and  watered  with  fubtepid  water  ; fince 
expofing  them  to  the  cold  of  this  climate  is  otherwife  liable  to  de- 
ftroy  their  irritability  and  occafion  their  death. 

4.  The  great  cold  produced  by  evaporation  is  now  well  under- 
flood. In  all  chemical  procefles,  where  aerial  or  fluid  bodies  become 
confolidated,  a part  of  the  heat,  which  was  before  latent,  becomes 
prefled  out  from  the  uniting  particles  ; as  in  the  inflant  that  water 
freezes,  or  that  water  unites  with  quick  lime.  On  the  reverfe,  when 
folid  bodies  become  fluid,  or  fluid  ones  become  aerial,  heat  is  abforbed 
by  the  folution  ; whence  it  may  be  faid  in  popular  language,  that  all 
chemical  combinations  produce  heat,  and  all  chemical  folutions  pro- 
duce cold.  This  fhould  teach  the  careful  gardener  not  to  water  ten- 
der vegetables  in  the  heat  of  the  funfhine,  or  in  a warm  dry  wind  ; 
left  the  hafty  evaporation  fhould  produce  fo  much  cold  as  to  deftroy 
them ; and  that  more  certainly  from  their  having  been  previoufly 
too  much  ftimulated  by  heat,  and  in  confequence  their  power  of  life, 
or  irritability,  having  been  already  diminifhed  ; as  further  fpoken  of 
in  Sed.  XIV.  2.  2. 

III.  1.  The  mechanical  theory  of  ele&ricity  invented  by  Dr. 
Franklin  is  believed  by  fome  philofophers  not  fo  welLto  explain  the 
various  phenomena  of  ele&ricity,  as  may  be  accomplifhed  by  an  hy- 
pothefis  of  the  exiftence  of  two  eledric  fluids  diffufed  together,  and 
ftrongly  attracting  each  other,  one  of  them  to  be  called  vitreous,  and 
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the  other  refinous,  eleCtricity.  The  latter  opinion  I am  inclined  to 
efpoufe,  but  (hall  not  here  enter  into  a detail  of  the  theory;  but  fhall 
only  obferve,  that  the  experiments  on  vegetation  have  been  principally 
made  with  the  accumulation  of  the  vitreous  electricity  only,  and  the 
confequent  exclufion  of  the  refinous ; that  is,  with  what  is  commonly 
termed  pofitive  eleCtricity,  and  not  with  what  is  termed  negative 
eleClricity.  It  is  therefore  to  be  wiflied,  that  fome  future  experiments 
may  be  made  w'ith  the  refinous  or  negative  eleCtricity  in  preference 
to  the  vitreous  or  pofitive  eleCtricity*  or  with  both  of  them  alter— 
ternately  or  comparatively. 

The  influence  of  pofitive  or  vitreous  eleCtricity  in  forwarding  the 
germination  of  plants  and  their  growth  feems  to  be  pretty  well  efta- 
blilhed ; though  Mr.  Ingenhouz  did  not  fucceed  in  his  experiments, 
and  thence  doubts  the  fuccefs  of  thofe  of  others  and  though  Mi- 
Rouland,  from  his  new  experiments  believes,  that  neither  pofitive. 
nor  negative  eleCtricity  increafes  vegetation  both  which  philofophers 
had  previoufly  been  fupporters  of  the  contrary  doCtrine ; for  many 
other  naturalifts  have  fince  repeated  their  experiments  relative  to  this 
objeCt,  and  their  new  refults  have  confirmed  their  former  ones.  Mr. 
D’Ormey  and  the  two  Roziers  have  found  the  fame  fuccefs  in  nu- 
merous experiments,  which  they  have  made  in  the  two.  laft  years ; 
and  Mr.  Carmoy  has  (hewn  in  a convincing  manner*  that  eleCtricity 
accelerates  germination. 

Mr.  DXXmey  not  only  found  various  feeds  to  vegetate  fooner,  and 
to  grow  taller,  which  were  put  upon  his  infulated  table,  and  fuppli- 
ed  with  eleCtricity  ; but  alfo  that  filk-worms  began  to  fpin  much 
fooner,  which  were  kept  eleCtrified,  than  thofe  of  the  fame  hatch, 
which  were  kept  in  the  fame  place  and  manner,  except  that  they 
were  not  eleCtrified.  Thefe  experiments  of  Mr.  D’Ormoy  are  de- 
tailed at  length  in  the  Journal  de  Phyfique  of  Rozier,  Tom.  XXXV. 
p.  270. 

Mr.  Bartholon,  who  had  before  written  a traCt  on  this  fubjeCt,  and 
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propofed  ingenious  methods  for  applying  eledricity  to  agriculture 
and  gardening,  has  alfo  repeated  a numerous  fet  of  experiments ; and 
(hews,  that  natural  eledricity  as  well  as  the  artificial  increafes  the 
growth  of  plants,  and  the  germination  of  feeds  ; and  oppofes  Mr. 
Ingenhouz  by  very  numerous  and  conclufive  fads.  Ib.  Tom.  XXXV. 
p.  401. 

My  friend  Mr.  D.  Bilfborrow  in  June  1797  fowed  muftard-feed  in 
four  garden  pots  at  Mr.  Hartop’s  at  Dalby  Hall  in  Leicefterlhire. 
He  fubjeded  one  of  thefe  to  pofitive  or  vitreous  eledricity,  and  ano- 
ther to  negative  or  refinous  eledricity,  and  obferved  that  the  feeds  in 
the  pot  fubjeded  to  the  negative  or  refinous  eledricity  germinated  a 
day  before  the  pot  fubjeded  to  pofitive  or  vitreous  eledricity,  and 
both  of  them  much  before  the  two  pots,  which  were  not  eledrifed, 
but  otherwife  expofed  to  the  fame  circumftances. 

Nor  do  the  injuries  occafionally  received  from  lightning  in  its  paf- 
fage  through  trees  or  com  fields  from  or  to  the  earth  or  clouds,  which 
are  mentioned  in  Sed.  XIV.  2.  3.  in  the  lead  invalidate  this  opinion 
of  its  general  utility  as  well  as  that  of  the  fluid  element  of  heat ; for 
the  excefs  of  the  molt  falutary  flimuli  become  deleterious  both  to  ve- 
getable and  animal  bodies. 

2.  Since  by  the  late  difcoveries  in  chemiflry  there  is  reafon  to  be- 
lieve, that  water  is  decompofed  in  the  veflels  of  vegetables  j and  that 
the  hydrogene,  or  inflammable  air,  of  which  it  in  part  confifts,  con- 
tributes to  the  nourilhment  of  the  plant,  and  to  the  produdion  of 
its  oils,  refins,  gums,  fugar,  &c.  And  laflly,  as  eledricity  has  by 
late  experiments  been  found  to  decompofe  water  into  the  two  airs, 
termed  oxygen  and  hydrogen,  there  is  a powerful  analogy  to  induce 
us  to  believe,  that  it  accelerates  or  contributes  to  the  growth  of  veo-e- 
tation  ; and  like  heat  may  poflibly  enter  into  combination  with  many 
bodies,  or  form  the  bafis  of  fome  yet  unanalyfed  acid. 

3.  The  folution  of  water  in  air  or  in  calorique  feems  to  acquire 
eledric  matter  at  the  fame  time,  as  appears  from  an  experiment  of 
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Mr.  Bennet.  He  put  fome  live  coals  into  an  infulated  funnel  of  me- 
tal, and  throwing:  on  them  a little  water,  ohferved  that  the  afcendincr 
Ream  was  eledrifed  plus ; and  the  water,  which  defcended  through 
the  funnel,  was  eledrifed  minus.  Hence  it  appears.,  that  though 
clouds  by  their  change  of  form  may  fometimes  become  eledrifed 
minus,  yet  they  have  in  general  an  accumulation  of  pofitive  elec-' 
tricity.  This  accumulation  of  eledric  matter  alfo  evidently  contri- 
butes to  fupport  the  atmofpheric  vapour,  when  it  is  condenfed  into 
the  form  of  clouds ; becaufe  it  is  feen  to  defcend  rapidly,  after  the 
flafhes  of  lightning  have  diminilhed  its  quantity. 

According  to  the  theory  of  Mr.  Lavoifier  concerning  the  compo- 
fition  and  decompofition  of  water,  there  would  feem  another  fource 
of  thunder- (bowers ; and  that  is,  that  the  two  gaffes  termed  oxygen 
gas,  or  vital  air,  and  hydrogen  gas,  or  inflammable  air,  may  exift 
in  the  fummer  atmofphere  in  a Rate  of  mixture,  but  not  of  combi- 
nation ; and  that  the  eledric  fpark,  or  flafh  of  lightning,  may  com- 
bine them,  and  produce  water  inRantaneoufly. 

4.  A profitable  application  of  eledricity  by  the  gardener  or  agri- 
cultor  to  promote  the  growth  of  plants  is  not  yet  difcovered  ; it  is 
neverthelefs  probable,  that  in  dry  feafons  the  eredion  of  numerous 
metallic  points  on  the  furface  of  the  ground,  but  a few  feet  high, 
might  in  the  night  time  contribute  to  precipitate  the  dew  by  facili- 
tating the  paffage  of  eledricity  from  the  air  into  the  earth  ; and  that 
an  eredion  of  fuch  points  higher  in  the  air  by  means  of  wires  wrap- 
ped round  tall  rods,  like  angle  rods,  or  elevated  on  buildings,  might 
frequently  precipitate  (bowers  from  the  higher  parts  of  the  atmo- 
fphere. 

And  laRly,  that  fuch  points  eroded  in  gardens  might  promote  a 
quicker  vegetation  of  the  plants  in  their  vicinity  by  (upplying  them 
more  abundantly  with  the  eledric  ether  ; if  the  events  ol  the  ex- 
periments of  the  philofophers  above  mentioned  are  to  be  depended 
upon,  which  may  at  leaft  be  worth  a further  trial. 
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5.  For  the  purpofe  of  keeping  a few  flower-pots  perpetually  fub- 
jedf  to  more  abundant  electricity,  Mr.  Bennet  of  Wirkfworth  in  Der- 
byffiire  affixed  a fmall  apparatus  to  the  pendulum  of  a clock,  as  de- 
fcribed  below  with  a plate ; but  has  not  yet  fufficiently  attended  to 
it  to  determine  its  effect  on  vegetation 
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PLATE  VIII. 


Shews  the  ftrudure  of  Mr.  Bennet’s  eledric  Doubler,  applied  to  the  pendulum  of  a clock 
for  the  purpofe  of  fubjeding  a flower  pot  to  perpetual  pofltive  or  negative  eledricity. 

A the  brafs  plate,  which  is  always  infulated  by  its  glafs  pedeftal,  on  which  the  elec- 
tricity is  accumulated.  B the  brafs  plate,  which  becomes  eledrified  by  the  influence  of  the 
moving  plate  C,  which  is  alfo  infulated.  D the  pendulum  wire.  C is  infulated  by 
the  glafs-tube  E E.  The  wire  F F is  alfo  infulated  by  the  fame  glafs,  being  fattened  to 
the  middle  of  it  by  a brafs  focket  at  G.  H H H H H are  wires  to  conned  the  plates  with 
each  other,  or  with  the  earth.  I 1 a firing  to  be  carried  from  the  plate  A over  infulated 
hooks  to  any  part  of  a room,  or  to  an  infulated  flower-pot. 

Now  if  A be  pofltive,  and  C moves,  till  it  be  parallel  to  it,  and  the  wires  at  the  bot- 
tom touch  each  other,  then  C becomes  negative,  and  moving  till  it  be  parallel  to  B,  and 
its  wire  touched  by  the  uppermoft  H,  then  B becomes  pofltive ; and  when  C returns  to 
A,  the  eledricity  of  A and  B becomes  united  by  means  of  the  infulated  wire  F F touch- 
ing H H.  The  longer  end  of  F is  bent  fo  as  not  to  touch  the  wire  of  B,  till  the  end  is 
brought  to  it.  Thus  the  pofltive  electricity  of  A is  increafed. 

The  wires  are  curled  into  feveral  rings-  to  make  them  more  elaftic,  as  otherwife  they 
would  foon  be  puttied  out  of  their  places,  and  the  proper  contads  not  occur.  The  plates 
A and  B may  be  fixed  on  heavy  pedeftals,  that  they  may  be  moved  upon  a flielf  to  a pro- 
per diftance  from  the  plate,  which  hangs  by  the  pendulum  wire.  The  heavier  the  pen- 
dulum and  the  larger  the  plates,  the  more  eledricity  may  be  accumulated.  With  my 
fmail  apparatus  fixed  to  a Dutch  wooden  clock  fparks  are  fometimes  produced  between 
the  plates,  and  fometimes  the  clock  has  been  flopped  by  their  attradion  to  each  other. 
Perhaps  the  plates  ttiould  not  be  circular,  but  fomething  like  a lady’s  fan,  when  expand- 
ed, the  bottom  being  a part  of  the  curve  deferibed  by  the  moving  pendulum,  with  the 
fides  direded  towards  the  point  on  which  it  moves. 

This  drawing  and  defeription  of  his  Pendulum  Doubler  was  fent  me  by  Mr.  Bennet  of 
Wirkfworth,  and  is  referred  to  at  the  end  of  Sed.  XIII.  of  this  work.  If  another  in- 
fulated flower-pot  was  conneded  with  the  plate  B inttead  of  the  wire  at  the  uppermofl 
H,  perhaps  it  might  be  kept  in  a ftate  of  minus,  or  negative  eledricity,  at  the  fame  time 
that  the  other  flower-pot  was  kept  in  a ftate  of  plus  or  pofltive  eledricity. 
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SECT.  XIV. 

DISEASES  OP  PLANTS. 


I.  Difeafes  from  internal  caufes.  t.  Difeafed  irritability.  Irritability  derived  from 
oxygen.  Exhaufted  by  too  great  ftimulus.  Shade  apricot  flowers  from  the  fun. 
Much  water  after  a hot  day  injurious.  Irritability  accumulated  by  lefs  ftimulus. 
Experiment  on  euphorbia.  Habits  of  plants  brought  from  the  fouth.  Taken  to 

America.  In  the  bleeding  feafon.  Vines  in  hot-houfes.  Habits  of  plants.  Irri- 
tability greater  after  being  expofed  to  much  cold,  lefs  after  much  heat.  Greateft  in 
the  morning.  Hy  her  rating  animals.  Variation  of  heat  contributes  to  health, 

i.  Eryf/phe  mildew.  A feftile  fungus.  Give  light  and  ventilation.  Drain  the  land. 
Sow  early.  Rubigo,  rift.  Probably  another  fungus.  Ureao  frumenti.  Blight. 
4 Glavus,  ergot.  On  rye,  which  it  renders  unwholefcme.  Afcribed  to  inf  ells  by 
Duhamel.  5.  Uftilago,fmut.  Afcribed  to  infedis  by  Linmus.  Is  probably  owing 
to  want  of  impregnation.  How  prevented.  6.  Gangrena,  canker.  Affedts  apple- 
trees  from  old  grafts.  From  wounds.  Bind  living  bark  cn  the  wound.  Or  paint 
the  alburnum.  7.  Sujfufto  mellita,  honey -dew.  If  occ  of  toned  by  the  aphis?  Suc- 
ceeded by  a black  powder.  8.  Exfudatio  miliar  is,  miliary  fwcat.  On  vines  in  hot- 
houfes  from  too  great  heat  in  confined  air.  9.  Fluxus  umbilicalis, flap  -flow.  From 
wounds  in  fpring,  and  after  midfummer.  Bind  on fponge.  Strangulate  with  wire. 
10.  Secretio  gummofa , gum  fecretion.  Bind  on  lead.  Sponge,  Indian  rubber. 
Apply  folution  of  green  vitriol.  Bind  on  a new  bark.  IT.  Difeafes  from  exter- 
nal elements.  1.  Draught  and  moifture.  1.  Heat  and  cold.  Shelter  early  blof- 
foms  from  the  funfinne.  j.  Lightning.  Injures  trees  and  wheat  fields.  By  de- 

ft roying  their  irritability,  like  the  ftimulus  of fome  poifons.  By  burfting  their  veffels. 
How  to  prevent.  4.  Li  fist.  Etiolation  of fea-cale.  5.  Of  acid  clay.  Offterile 

fand.  6.  Noxious  exhalations,  from  lead-works,  and  lime-kilns.  7.  Pofons  of 
arfenic,  muriatic  acid.  8.  Condiments.  Alcohol.  Opium.  Sea  fait.  Its  ufe 
and  effect  on  vegetables.  Ufe  in  the  worm  of  fheep.  9.  External  injuries.  Wound 
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grape -ft alks.  Caprifcation.  Thick  fears  to  ripen  them.  III.  Difeafes  from 
infers.  1.  From  their  nejis  and  young.  On  rojes , on  quince -bloffoms,  on  aco- 
nite. 7.  Aphis  on  peach  trees.  Slugs  prefer  withered  leaves.  Caws  eat  withered 
thifles.  The  poifon  of  yew  leaves.  Flifory  of  the  aphis.  Means  of  defraying 
them.  Aphidivorous  larva  and fly.  3.  Caterpillars  on  apple-trees  and  goof  e-berries. 
Burn  the  leaves.  Put  a fringe  round  goofeberry- trees.  Defir  oy  white  butt erfi ies. 
Cabbage  caterpillars  defrayed  by  ichneumon  fy.  4.  Infects  in  hot-hoifes.  Smoke 
of  fulphur  injurious  to  trees.  5 . Beetles  beneath  the foil.  Snails.  Slugs.  Roll 
turnips  before fun-rife.  Slugs  prevented  by  lime  or  fait.  Caught  by  a board.  Fly 
on  turnips.  Roll  them.  Steep  turnip  feeds  in  liquid  manure  as  in  China.  6.  Beetles. 
Fern- chafer.  Defir  cys  crops  of  wheat.  Sow  wheal  fallow . Roll  it,  or  firew 
fait  in  fine  powder.  Thrips  phyfaphus  on  wheat.  Corn  butterfly.  May-chaffers 
on  hedges.  Locufi.  Encourage  hedge -birds,  larks , rooks , hedge -hogs.  Some 
caterpillars  wholefome  to  eat , others  poifonous.  All  very  hardy  and  difficult  to  de- 
ftroy.  IV.  Deftruction  by  vermin.  1.  Mice.  Tuffocks  of  wheat  from  their 
granaries.  Encourage  the  breed  of  owls.  2.  Water-rats  like  beavers , how  driven 
from  a fiflj-pond.  They  eat  vegetables.  Are  attracted  by  fcents.  How  to  poifon 
them.  How  to  entrap  them.  3 . Moles  never  drink.  Sometimes ffwim.  Work 

before fun-rife.  Flow  to  defiroy  them  by  traps. 

The  difeafes  of  vegetables  may  be  divided  into  thofe,  which  ap- 
pear to  originate  from  internal  caufes,  thofe  from  the  external  ele- 
ments, and  thofe  from  the  nidifications  or  depredations  of  infefls  ; 
to  which  may  be  added  the  depredations  of  other  animals.  We  fhall 
begin  with  difeafed  irritability. 

DISEASES  FROM  INTERNAL  CAUSES. 

I.  i.  It  has  already  been  fhewn,  that  the  buds  of  vegetables  are 
individual  beings,  and  conftitute  an  inferior  order  of  animals  ; and 
that  they  poflefs  irritability,  and  fallibility,  and  voluntarity,  and  have 
aflfociations  of  motion  ; as  explained  in  Zoonomia,  Vol.  I.  Sedh  XIII. 
But  as  the  three  latter  kinds  of  excitability  are  poirefled  in  a fo  much 
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Iefs  degree  by  vegetable  buds,  than  by  more  perfect  animals,  we  fhall 
only  confider  the  difeafes  of  their  irritability. 

M.  Girtannir  endeavoured  to  fhew,that  animal  irritability  originates 
from  the  oxygen,  which  conftitutes  fomewhat  lefs  than  a third  of 
the  atmofphere,  which  they  breathe.  And  M.Van  Ullar  has  applied 
the  fame  idea  to  vegetable  life;  and  has  endeavoured  to  {hew,  that 
their  irritability  alfo  originates  from  the  oxygen,  which  they  acquire 
either  by  the  refpiration  of  their  leaves,  or  by  the  abforption  of  their 
roots.  And  indeed,  as  refpiration  is  every  minute  necefifary  to  animal 
life,  there  is  reafon  to  believe,  that  fomething  immediately  necelfary 
to  the  exigence  of  life  is  acquired  by  the  lungs  of  animals  from  the 
atmofphere  rather  than  from  the  food,  which  they  digeft ; and  that 
this,  which  is  believed  to  be  the  oxygen  only,  is  mixed  with  the 
blood,  and  feparated  again  from  it  by  the  brain,  and  fpinal  marrow, 
after  having  undergone  fome  change  in  the  circulation  or  fecretion  of 
it. 

In  the  fame  manner  it  is  not  improbable,  but  that  the  fpirit  of  ve- 
getation may  have  a fimilar  origin,  probably  from  the  uncombined 
oxygen  of  the  air,  refpired  by  the  upper  furfaces  of  their  leaves  ; and 
not  from  that,  which  is  abforbed  by  their  roots  in  a more  combined 
jftate ; and  that  this  oxygen  is  again  feparated  from  their  juices  by 
the  fenforium,  or  brain,  of  each  individual  bud,  after  having  under- 
gone fome  change  in  the  circulation  or  fecretion  of  it.  See  Seft.  IV. 

I.  2. 

The  circumftances  attending  vegetable  irritability  are  fimilar  to 
thofe  belonging  to  the  irritability  of  animals  upon  a lefs  extenfive 
fcale,  as  detailed  in  Zoonomia,  Vol.  I.  Seft.  XII. 

When  vegetable  fibres  have  been  long  ftimulated  more  than  na- 
tural or  ufual  by  increafe  of  heat,  the  fpirit  of  vegetation  becomes  ex- 
haufted  ; and  in  confequence  a {lighter  degree  of  cold  will  deftroy 
them  ; becaufe  their  fibres  after  having  been  long  excited  by  a greater 
flimulus  will  ceafe  to  aft  on  the  application  of  one,  which  is  much 
4 lefs  i 


DISEASES 


Sect.  XIV.  i.  i. 


3lS 

lefs  ; whence  after  hot  days  tender  plants  are  more  liable  to  be  de- 
ftroyed  by  the  coldnefs  of  the  night.  Whence  in  more  northern  cli- 
mates the  gardeners  fhade  their  tender  vegetables,  as  the  flowers  of 
apricots,  in  the  fpring-frofls  from  the  meridian  fun,  as  well  as  from 
the  coldnefs  of  the  night ; which  is  generally  the  greatefl  about  an 
hour  before  fun  rife. 

In  the  hot  days  of  June  i 798  I twice  obferved  feveral  rows  of  gar- 
den beans  become  quite  fickly,  and  many  of  them  to  die,  from  being 
flooded  for  an  hour  or  two  with  water  from  a canal  in  the  neida- 

o 

bourhood  ; which  I afcribed  more  to  the  fudden  application  of  too 
great  cold,  after  being  much  enfeebled,  or  rendered  ini rritable,  by  the 
exceflive  heat  of  the  feafon,  than  to  the  too  copious  fupply  of  w ater  to 
the  dry  ground ; to  which  fhould  be  added,  that  fome  plants  are  more 
liable  to  be  thus  injured  than  others;  as  the  flrawberries,  young  cab- 
bage plants,  and  onions,  which  were  in  the  fame  fituation,  received 
benefit  and  not  deterioration  by  being  thus  occafionally  watered  in 
that  dry  feafon. 

On  the  contrary,  when  plants  have  been  long  expofed  to  a lefs 
flimulus  of  heat  than  natural  or  ufual,  the  fpirit  of  vegetation  be- 
comes accumulated  ; and  if  they  are  too  luddenly  fubjected  to  much 
greater  heat,  their  too  great  increafe  of  adtion  induces  inflammation, 
and  confequent  mortification,  and  death  ; as  occurs  to  thofe  people, 
who  have  had  too  much  warmth  applied  to  their  frozen  limbs.  Ex- 
periments of  this  kind  were  inflituted  by  Van  Uflar ; he  increafed  the 
irritability  of  euphorbia  peplus  and  efula  by  fecluding  light  and  heat 
from  them  ; and,  when  he  expofed  them  to  a meridian  fun,  they  be- 
came gangrenous,  and  died  in  a fhort  time. 

This  greater  or  lefs  irritability  of  plants  is  to  be  afcribed  to  their 
previous  habits  in  refpedl  to  the  flimulus  of  greater  or  lets  heat.  Thus 
the  times  of  the  appearance  of  vegetables  in  the  fpring  feem  occafion- 
ally to  be  influenced  by  their  previoufly  acquired  habits,  as  well  as  by 
their  prefent  fenfibility  to  heat.  For  the  roots  of  potatoes,  onions, 
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will  germinate  with  much  lefs  heat  in  the  fpring  than  in  the  au- 
tumn ; as  is  eafily  obfervable,  where  thefe  roots  are  tlored  for  ufe  ; 
and  hence  malt  is  beft  made  in  the  fpring,  as  the  barley  will  then  ger- 
minate with  a lefs  degree  of  heat. 

The  grains  and  roots  brought  from  more  fouthern  latitudes  ger- 
minate here  fooner  than  thofe,  which  are  brought  from  more  nor- 
thern ones,  owing  to  their  acquired  habits.  Fordyce  on  Agriculture. 
It  was  obferved  by  one  of  the  fcholars  of  Linneus,  that  the  apple 
trees  fent  from  hence  to  New  England  bloffomed  for  a few  years  too 
early  for  that  climate,  and  bore  no  fruit  ; but  afterwards  learnt  to  ac- 
commodate themfelves  to  their  new  fituation.  (Kalm’s  Travels.) 
Vines  in  grape  houfes,  which  have  been  expofed  to  the  winter’s 
cold,  will  become  forwarder  and  more  vigorous  than  thofe,  which 
have  been  kept  during  the  winter  in  the  boufe.  (Kennedy  on  Gar- 
dening.) This  accounts  for  the  very  rapid  vegetation  in  the  northern 
latitudes  after  the  folution  of  the  fnows. 

The  increafe  of  the  irritability  of  plants  in  refpefl  to  heat,  after 
having  been  previoufly  expofed  to  cold,  is  farther  illuftrated  by  an  ex- 
periment of  Dr.  Walker’s.  He  cut  apertures  into  a birch-tree  at  dif- 
ferent heights  ; and  on  the  26th  of  March  fome  of  thefe  apertures 
bled,  or  oozed  with  the  fap-juice,  when  the  thermometer  was  at 
39  ; which  fame  apertures  did  not  bleed  on  the  23th  of  March, when 
the  thermometer  was  at  44.  The  reafon  pf  this  I apprehend  was,  be- 
caufe  on  the  night  of  the  25th  of  March  the  thermometer  was  as  low 
as  34;  whereas  on  the  night  of  the  12th  of  March  it  was  at  41  ; 
though  the  ingenious  author  afcribes  it  to  another  caufe.  Tranfadt.  of 
the  Royal  Society  of  Edinburgh,  V.  I.  p.  19. 

There  is  an  obfervation  in  Mr. Tull’s  work,  which  he  ingenioufly 
afcribes  to  the  acquired  habits  of  plants.  “ By  the  extremely  hard 
winter  of  the  year  1708  or  1709,  fome  lucern  in  Languedoc  was 
killed,  along  with  all  the  olive  trees  and  walnut  trees  by  the  feverity 
of  the  lealon  ; though  1 could  not  hear  that  one  walnut  tree  was 
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tilled  in  England.  Perhaps  thofe  in  France  having  been  accuftomed 
to  much  hotter  fummers  were  unable  to  endure  the  rigour  of  the 
fame  winter,  that  did  not  deftroy  the  fame  plants  in  England.” 
Horfe-hoeing  Hufbandry,  Ch.  XIII.  p.  201. 

By  adapted  experiments  Medicus  is  faid  to  have  found,  that  the 
irritability  of  plants  is  greater  in  the  morning,  lefs  in  the  middle  of 
the  day,  and  much  lefs  in  the  evening.  And  Von  Uflar  found,  that 
their  irritability  in  refpefl  to  their  contradbions  was  increafed  in  cool 
and  rainy  weather.  Obferv.  on  Plants  by  Schmeifler.  Edinb.  So  the 
parts  of  animals  become  more  fenfible  to  heat  after  having  been  pre- 
vioufly  expofed  to  cold  ; as  our  hands  glow  on  coming  into  the 
houfe  after  having  for  a while  been  immerfed  in  fnow  ; and  many 
infefts,  and  other  animals,  which  hide  themfelves  in  the  earth,  and 
fleep  during  the  winter,  were  obferved  by  M.  Spallanzani  to  difappear 
at  a feafon,  when  the  heat  of  the  atmofphere  was  much  higher 
than  in  the  fpring,  when  they  again  made  their  appearance. 

Hence  it  follows,  that  plants,  which  are  kept  in  a warm  room 
during  winter,  fhould  occafionally  be  expofed  to  cooler  air  to  increafe 
their  irritability;  as  otherwife  their  growth  in  the  fpring  is  obferved 
to  be  very  tardy.  Mankind  for  the  fame  reafon  requires  the  perpe- 
tual variations  of  the  heat  of  the  atmofphere  to  preferve  or  reftore  the 
irritability,  and  confequent  adbivity,  of  the  fyftem.  Whence  the 
health  and  energy  of  men  are  greater,  and  their  lives  longer,  in  this 
variable  ifland,  than  in  the  tropical  continents,  which  polfefs  greater 
warmth,  and  lefs  variation  of  weather. 

2.  Linneus  in  the  Philofophia  Botanica  has  given  names  to  but 
four  internal  difeafes,  eurifiphe,  mildew  ; rubigo,  ruft  ; clavus,  ergot, 
or  fpur ; and  uftilago,  fmut ; to  which  may  be  added  many  others  as 
defcribed  below. 

Eryfiphe,  a white  mucor,  or  mould,  or  mildew,  with  feffile 
tawny  heads,  with  which  the  leaves  are  fprinkled  ; this  is  frequent 
in  humulus,  hop;  lamium,  dead  nettle;  gallopfis,  arch-angel;  li- 
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thofpermum,  ftone-feed ; and  acer,  maple.  This  mucor  is  a plant 
of  the  fungus  kind,  which  will  grow  without  light,  or  change  of 
air,  like  other  fungufes;  and  with  its  roots  penetrates  the  vefTels  of 
the  vegetables  to  which  it  adheres.  But  thefe  vefTels  are  probably 
previoufly  injured  by  internal  difeafe.  The  methods  of  preventing  or 
deftroying  it  muft  confift:  in  thinning  the  plant,  or  removing  thofe 
in  its  vicinity,  fo  as  to  admit  more  light,  and  greater  ventilation, 
which  may  at  the  fame  time  eradicate  the  mildew,  and  reftore  the 
internal  vigour  of  the  plant. 

As  the  greater  dampnefs  of  fome  land  fupplies  one  permanent 
caufe  of  mildew,  as  well  as  its  being  too  much  overfhadowed  by 
thick  foliage,  the  methods  of  prevention  muft  confift  in  properly 
draining  the  land,  and  ufing  drier  kinds  of  manure,  as  coal-afhes  and 
bone-afhes,  as  well  as  by  thinning  the  crops.  And  laftly,  it  is  re- 
commended to  fow  early  in  the  feafon  for  the  purpofe  of  procuring 
forward  crops  j as  this  difeafe  is  faid  more  to  injure  late  crops  owing 
to  the  greater  dampnefs  of  the  ground  in  autumn. 

3.  Rubigo,  ruft,  a ferruginous  powder  fprinkled  under  the  leaves, 
frequent  in  alchemilla,  lady’s  mantle,  rubus  faxatilis,  eftula  degener  ; 
and  particularly  in  fenecio  or  jacobrea;  and  efpecially  in  a burnt  woody 
foil. 

This  is  probably  another  fungus  fimilar  to  the  former,  or  to  fome 
kinds  of  lichen,  which  grows  beneath  the  leaves  of  vegetables  pre- 
vioufly difeafed,  and  may  probably  be  prevented  or  deftroyed  by  ex- 
pofing  the  plant  to  more  light,  and  greater  ventilation,  as  in  the  mucor 
above  mentioned. 

An  account  is  given  by  Mr,  Lambert  in  the  Tranfadlions  of  the 
Linnean  Society,  Vol.  IV.  of  a difeafe  which  may  probably  be  fome- 
what  fimilar  to  the  rubigo,  which  he  calls  uredo  frumenti,  or  blight 
of  wheat,  and  defcribes  it  to  be  a fungus,  which  covers  the  ftems  of 
wheat  in  wet  feafons,  when  it  is  nearly  ripe,  fo  as  to  give  the  field 
an  appearance  of  being  covered  with  foot.  The  ftem  of  the  wheat  is 
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faid  to  appear  to  be  fplit,  and  the  growth  of  the  plant  to  be  much 
injured.  He  defcribes  the  fungus  to  be  linear-oblong,  tawny-black. 

4.  Clavus,  ergot,  or  fpur,  occurs  when  feeds  grow  out  into  large 
horns,  black  without,  as  in  fecale,  rye,  and  in  carex.  This  dileafe 
frequently  affeds  the  rye  in  France,  and  fometimes  in  England,  in 
moift  feafons,  and  is  called  ergot,  fpur,  or  horn-feed  ; the  grain  be- 
comes confiderably  elongated,  and  is  either  ftraight  or  crooked,  con- 
taining black  meal  along  with  the  white  ; and  is  faid  to  appear  to  be 
pierced  by  infeds,  which  are  fuppofed  to  caufe  the  difeafe. 

Mr.  Duhamel  afcribes  it  to  this  caufe,  and  compares  it  to  galls  on 
oak-leaves ; but  this  has  not  yet  been  eftabliffied  by  fufficient  obfer- 
vations.  By  the  ufe  of  this  bad  grain  among!!  the  poor,  difeafes  have 
been  produced,  attended  with  great  debility,  and  mortification  of  the 
extremities,  both  in  France  and  England.  Did.  Raifon.  Art.  Siegle. 
Philof.  Tran  fad.  Vol.  LV.  106. 

5.  Uftilago,  fmut,  when  the  fruit  inflead  of  feed  produces  a black 
meal,  as  in  wheat,  barley,  oats,  fcorzonera,  tragopogon.  Much  is 
faid  on  this  dileafe  in  the  Did.  Raifon  of  Bomare.  Art.  Bled,  who 
recommends  fteeping  the  grain,  before  it  is  fown,  in  brine  ; which  is 
generally  direded  to  have  fo  much  lalt  added  to  the  water,  as  may 
increafe  its  fpecific  gravity,  till  an  egg  will  fwim  in  it  ; or  fecondly, 
to  deep  the  feed-w'heat  in  lime  water;  or  thirdly,  which  he  thinks 
mod  efficacious,  in  an  alkaline  ley  made  by  adding  pot-alh  to  lime- 
water. 

In  the  fyftema  naturae  of  Linneus  under  the  article  Vermes,  Zoo- 
phyta,  Chaos  uftilago,  there  is  a quotation  from  Munchhaufen,  that 
the  uftilago  is  a black  powder,  which  is  found  in  the  deftroyed  grains 
of  barley,  w heat,  and  other  grades  ; and  in  the  florets  of  tragopogon 
fcorzonera.  And  that  this  powder  being  macerated  in  w'arm  water 
for  fome  days  palfes  into  oblong  animalcules,  hyaline  in  relped  to 
colour,  and  playing  about  like  fiffi,  as  may  be  feen  by  a microfcope ; 

and 


Sect.  XIV.  i.  5. 


OF  PLANTS. 


and  are  again  mentioned  in  Linneus’s  differtation  on  the  invifible 
world. 

There  is  an  ingenious  paper  in  the  publications  of  the  Bath  Society, 
in  which  the  author  obferves,  that  the  fmut  in  wheat  only  happens, 
when  wet  weather  occurs  at  the  time  of  the  flowering  of  the  wheat ; 
which  may  burft  the  anthers,  and  waOi  away  the  farina.  He  thinks 
that  fteeping  the  wheat  in  brine  or  lime  water  is  an  ancient  error,  and 
can  be  of  no  ufe  but  to  feparate  light  wheat  from  that  which  is  good. 

For  he  found  fmutty  ears  and  good  ones  growing  from  the  fame 
root ; and  thence  it  could  not  depend  on  anjr  contagious  material,  or 
infedts  eggs,  adhering  to  the  feed  ; and  in  fome  even  the  fame  ear 
contained  both  found  and  fmutty  corns.  And  laftly,  that  fome  of  the 
corns  had  one  end  fmutty,  and  the  other  found  ; and  he  concludes, 
that  it  muft  be  owing  to  the  want  of  impregnation  from  the  defedt  of 
the  farina  fecundans  ; and  that  the  putrefadtion  fucceeded  the  death 
of  the  grain. 

From  the  obfervations  of  Spallanzani  on  leguminous  plants  the 
probability  of  this  opinion  is  much  confirmed.  He  found  that  the 
feed  was  produced  by  the  female  organ  of  the  plant,  long  before  it 
was  impregnated  ; which  could  not  happen,  till  the  flower  was  open, 
and  the  anther-duft  ripe.  Whence  it  is  eafy  to  conceive,  that  for 
want  of  impregnation,  or  the  vivifying  principle,  the  wheat-corn 
muft  putrefy  like  the  addle  eggs  of  poultry,  which  are  unimpregnat- 
ed, and  thence  die,  and  in  confequence  putrefy. 

If  this  difeafe  of  fmut  fhould  become  a ferious  evil,  it  might  pof- 
fibly  be  prevented  by  fowing  the  grain  in  diftant  rows;  and  after 
fome  days  fowing  other  rows  between  them  of  the  fame,  or  of  ano- 
ther kind  of  wheat;  by  which  means,  if  wet  weather  Ihould  deftroy 
the  anthers  of  one  fet  of  rows,  the  alternate  ones  might  fupply  fa- 
rina to  their  ftigmas,  if  the  weather  became  favourable.  See  Sedt. 
XVI.  8.  2. 

Wheat  difcoloured  by  fmut  may  be  walhed,  and  readily  dried  on 
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a malt  kiln,  and  may  be  thus  eafily  made  marketable  and  equally 
good  ; for  the  living  grain  will  not  abforb  much  water  in  a fhcrt 
time;  or  it  may  be  mixed  with  clean  fand,  and  after  being  well  agi- 
tated the  fand  may  be  feparated  by  a riddle ; and  if  neceffary  the 
fame  fand  may  be  wafhed  and  dried  for  repeated  ufe. 

6.  Belides  the  four  internal  difeafes  above  fpoken  of,  as  mentioned 
by  Linneus ; and  the  uredo  of  Mr.  Lambert,  there  are  probably  many 
others,  which  have  not  yet  been  fufficiently  attended  to,  as  the  can- 
ker, gangrena  ; the  honey-fweat,  exfudatio  mellita  ; the  miliary 
fweat,  exfudatio  miliaris ; the  fap-flow,  fluxus  umbilicalis  ; and  the 
gum  fecretion,  fecretio  gummofa. 

The  canker,  which  may  be  termed  gangrena  vegetabilis,  is  a pha- 
gedenic ulcer  of  the  bark  ; which  is  very  dedrudtive  to  apple-trees,, 
and  pear-trees,  as  it  fpreads  round  the  trunk  or  branches,  and  de- 
flroys  them. 

Mr.  Knight  has  obferved  this  difeafe  to  be  mod:  frequent  and  fatal 
to  thofe  trees,  the  fruit  of  which  has  been  long  in  fafhion ; as  they 
have  been  perpetually  propagated  for  a century  or  two  by  ingrafting; 
which  he  believes  to  be  a continuation  of  the  old  tree,  though  nou- 
rifhed  by  a new  dock  ; and  that  the  canker  is  thus  a difeafe  of  old 
age,  like  th®  mortification  of  the  limbs  of  elderly  people,  and  arifes 
from  the  irritability  of  a part  of  the  fydem. 

But  it  feems  more  probably  to  be  an  hereditary  difeafe,  as  the  buds 
of  trees  being  a lateral  progeny,  and  more  exadtly  refembling  their 
parents,  mud  be  more  liable  to  the  difeafes  gradually  acquired  or  in- 
creafed  by  the  influence  of  foil  or  climate  ; and  have  not  the  proba- 
bility of  improvement,  which  attends  the  progeny  of  fexual  genera- 
tion. 

It  is  neverthelefs  frequently  produced  on  trees  by  external  violence, 
as  by  a droke  with  a fpade  by  a carelefs  labourer,  who  is  digging  near 
them;  but  this  probably  may  more  eafily  affedt  the  old  grafts  above 
mentioned.  When  a dedrudlion  of  the  bark  is  thus  produced  by  ex- 
ternal 
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ternal  violence,  it  may  poffibly  be  cured  by  the  application  of  a piece 
of  living  bark  from  a lefs  valuable  tree,  bound  on  as  mentioned  in 
the  next  article,  and  in  Sedh  XVII.  3.  10. 

The  edges  of  thele  gangrenous  ulcers  of  the  bark  fhould  be  nicely- 
pared  with  a knife,  fo  as  to  admit  the  air,  and  to  prevent  the  de- 
predations of  infedts  and  the  lodgment  of  moifture,  which  might 
promote  the  putrefaction  of  the  ftagnant  juices,  and  fpread  the  gan- 
grene ; this  Ihould  be  fo  managed  as  only  to  cut  away  the  dead  lips 
of  the  wound,  but  not  fo  as  in  the  leaft  to  injure  the  living  bark. 
Some  thick  white  paint  may  then  be  fmeared  on  the  naked  albur- 
num or  fap-wood  on  a dry  day,  which  may  prevent  infedts  from  in- 
ferting  their  eggs  into  it,  and  produce  maggots,  which  erode  and 
deftroy  the  wood ; and  may  alfo  prevent  the  dews  and  rains  from 
rotting  it.  The  paint  fhould  neverthelefs  be  fo  fpread,  as  not  to 
touch  the  edges  of  the  wound  ; as  it  might  injure  their  growth  by  its 
poifonous  quality  ; a quarter  of  an  ounce  of  fublimate  of  mercury, 
hydrargyrus  muriatus,  rubbed  with  about  a pound  of  white  lead 
paint,  might  render  it  more  noxious  to  infedts.  See  Sedt.  XVII.  3. 
9.  and  10. 

7.  The  honey-dew,  which  may  be  called  fuffufio  mellita,  confifts 
of  a faccharine  juice,  which  I have  fuppofed  to  be  exfuded  from  the 
tree  by  the  retrograde  motions  of  the  cutaneous  lymphatic  velfels, 
connedted  either  with  the  common  fap-veflels  defcribed  in  Sedt.  II. 
or  with  the  umbilical  veffels  defcribed  in  S$dt.  III.  2.  8.  inftead  of  its 
being  carried  forwards  to  increafe  the  growth  of  the  prefent  leaf- 
buds,  , or  to  lay  up  nutriment  for  the  buds,  which  are  in  their  em~ 
bryon  ftate  ; and  may  thus  be  compared  to  the  diaboetes  mellitus,  or 
to  the  fweating  ficknefs  of  the  laft  century. 

The  faccharine  and  nutritious  quality  of  the  honey-dew,  fimilar 
to  that  of  the  fap-juice,  which  riles  in  the  vernal  months  from  the 
birch  and  maple,  is  evident  from  its  tafte ; and  from  the  number  of 
bees  and  ants,  which. are  faid  to  feed  on  it,  , when  it  appears  on  fome 
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trees;  and  which  (hews,  that  its  exfudation  muft  be  confiderably 
injurious  to  the  tree,  as  before  mentioned  in  Sed.  VL  6.  3. 

In  a paper  written  by  the  Abbe'  Boiffier  de  Sauvages,  he  defcribes 
two  kinds  of  honey-dew  ; one  of  which  he  concludes  to  be  an  exfu- 
dation from  the  tree,  and  the  other  he  -ailerts  to  be  the  excrement  of 
one  kind  of  aphis,  which  the  animal  projeds  to  the  difiance  of  fome 
inches  from  its  body  on  the  leaves  and  ground  beneath  it ; and  which 
he  believes  the  animal  acquires  by  piercing  the  fap-veffels  of  the 
leaf.  This  paper  is  detailed  in  Wildman’s  work  on  Bees,  p.  46. 
The  circumflances  are  diflindly  defcribed,  and  by  fo  great  a philofo- 
pher  as  Sauvages  of  Montpellier,  that  it  is  difficult  to  doubt  the  au- 
thenticity of  the  fad.  But  that  a material  fo  nutritive  (houid  be  pro- 
duced as  the  excrement  of  an  infect  is  fo  totally  contrary  to  the 
(trongeft  analogy,  that  it  may  neverthelefs  be  fufpeded  to  be  a mor- 
bid exfudation  from  the  tree  ; though  thefe  infeds  might  occafion- 
ally  prey  upon  it,  and  void  it  almoft  unchanged  at  thofe  feafons,  be- 
caufe  the  infeds  continued  fome  months  after  the  honey -dew  ceafed, 
and  before  it  commenced,  as  mentioned  below  ; and  the  upper  fur- 
faces  of  the  leaves  became  covered  with  a black  powder,  which  had 
before  been  covered  with  the  honey-dew.  And  laflly,  becaufe  on 
other  trees,  as  on  the  peach  and  nedarine,  at  other  feafons  of  the 
year,  no  honey-dew  is  perceived,  though  the  aphis  much  abounds  to 
the  great  injury  of  the  trees. 

Early  this  morning,  June  18,  1798,  I obferved  a remarkable  ho- 
ney-dew on  an  extenfive  row  of  nut-trees,  corylus  avellana,  which 
grow  by  the  (ide  of  a pond  of  water  ; the  fun  (hone  bright,  and  the 
upper  furface  of  every  leaf,  which  was  illumined  by  the  fun,  was 
covered  with  a vifcid  juice,  which  tailed  as  fweet  as  diluted  honey. 
From  many  of  thefe  leaves  large  drops  hung  from  the  point,  and  dur- 
ing that  day  and  the  following  one  much  of  this  honey  dropped  down 
fo  as  to  moiften  the  gravel  walk  beneath  the  branches  of  every  tree, 
and  feemed  more  fluid  as  the  funffiine  became  warmer ; and  the 
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leaves,  which  were  concealed  from  the  fun,  appeared  to  have  lefs  of 
the  honey-dew,  and  fome  of  them  none  of  it. 

How  long  this  honey-dew  had  continued  before  I obferved  it,  I 
cannot  tell,  but  probably  many  days,  as  the  weather  was  then,  and 
had  been  uncommonly  dry  and  warm,  and  fhining  ; and  after  two  or 
three  days,  when  the  weather  changed,  the  morbid  exfudation,  if 
fuch  it  was,  or  the  excrementitious  depofition  of  this  vifcid  honey, 
became  checked  and  gradually  difappeared. 

Beneath  every  leaf  of  this  extenfive  hedge  of  filberts  I difcerned 
fifty  or  a hundred  aphi.fes  of  all  fizes,  and  many  of  them  had  wings  % 
but  I could  not  perceive,  that  any  of  them  had  been  on  the  upper 
furfaces  of  the  leaves,  where  the  honey  only  exifled;  nor  were  any 
bees,  or  butterflies,  or  ants,  about  thefe  leaves  ; on  which  they  muft 
have  adhered,  if  they  had  fettled  ; which  polfibly  they  were  awar& 
of,  as  a hive  of  bees  was  at  no  great  diftance. 

M.  Duhamel  obferved  a fimilar  fweet  juice  drop  in  fuch  quantity 
from  willows  by  the  fide  of  a river  in  very  hot  and  dry  weather,  that 
children  were  bufy  in  catching  or  gathering  it,  and  that  it  tafted  like 
manna,  but  was  more  agreeable.  He  alfo  mentions  its  dropping  from- 
nut-trees.  Phyfique  des-arbres,  Vol.  I.  p.150.  M.  Reneaume,  in 
the  Memoires  of  the  Academ.  des  Sciences, -obferved  a fimilar  exfu* 
dation  from  the  maple,  and  fycamore  ; and  adds,  1.  That  it  was 
undtuous  and  fweet.  2.  T hat  it  was  in  the  greateft  quantity  on  the 
leaves  expofed'to  the  fun,  which  appeared  wet  on  their  upper  fur- 
faces  ; and  that  it  was  not  feen  before  fun-rife.  3.  That  bees  col- 
lected it  as  anxioufly  as  common  honey.  4.  And  that  fome  leaves 
died,  whofe  difcharge  was  very  great.  5.  That  it  exifled  in  a very 
dry  and  hot  feafon.  But  neither  of  thefe  philofophers  fpeak  of  its 
being  attended  by  the  aphis. 

The  aphis  this  year  was  uncommonly  numerous,  the  leaves  of  the 
peach  and  neCtarine  trees  were  half  of  them  deftroyed  by  this  perni- 
cious infeCt,  and  became  bliftered  and  curled  I fuppofe  by  their  punc- 
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tores ; which  were  made  fome  weeks  earlier  in  the  year,  and  by  an 
aphis  without  wings,  and  differing  fomewhat  in  their  fhape,  but 
without  any  appearance  of  honey-dew  on  thofe  trees.  But  I could 
not  difcover  any  pundtures  or  other  difeafe  of  the  leaves  of  thefe  nut- 
trees,  and  therefore  doubt  whether  thefe  infers,  though  fo  numer- 
ous on  the  under  furface  of  every  leaf,  could  be  the  caufe  of  the  mor- 
bid exfudation,  if  fuch  it  was,  on  their  upper  furfaces;  and  the  more 
as  I could  not  diftinguifh,  that  they  preyed  upon  the  honey  thus 
produced  ; and  I afterwards  obferved  that  they  continued  in  immenfe 
numbers  under  every  leaf,  when  the  weather  became  cooler,  and 
moifter,  and  the  honey-dew  ceafed  to  be  vifible.  But  after  a few 
weeks  I obferved  the  upper  furface  of  every  leaf  became  covered  with 
a black  powder  like  foot ; whether  this  was  a new  material,  or  re- 
mained after  the  exhalation  of  the  honey-dew,  I did  not  determine  by 
experiment.  But  if  both  the  honey-dew  and  this  fubfequent  black 
powder  on  the  upper  furfaces  of  the  leaves,  were  the  excrement  of 
the  aphis  on  the  under  furfaces  of  the  leaves  over  the  former,  or  ow- 
ing to  an  exfudation  from  the  tree,  mud:  be  determined  by  further 
obfervations. 

But  as  a fecond  period  of  fap-flow  is  believed  to  exiffc  about  mid- 
fummer,  or  a depofition  of  vegetable  nutriment  for  the  new  buds,  as 
defcribed  in  Sedt.  III.  2.  8.  there  is  reafon  to  fufpedt,  that  the  ho- 
ney-dew is  owing  to  the  inverted  adtion  of  the  external  lymphatics 
occafioned  by  the  debility  induced  by  the  continued  heat,  and  per- 
haps to  the  moifture  of  fituation.  Whence  the  nutritive  fluid  is 
thrown  upon  the  external  habit  inftead  of  being  applied  to  nourifh 
the  new  buds,  or  to  be  laid  up  as  a refervoir  for  their  ufe.  And  that 
if  it  be  voided  by  the  aphis,  it  is  owing  to  their  pundturing  the  fap- 
veflels  with  the  fine  probofcis,  which  they  poffefs,  at  this  feafon  only, 
or  in  a diftempered  ftate  of  the  tree,  and  drinking  more  of  it  than 
they  are  able  to  digefl.  For  a further  hiflory  of  this  infedt  fee  No. 
3.  2.  of  this  Sedition. 
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8.  Exfudatio  miliaris,  miliary  fweat,  appears  to  be  produced  by 
too  great  and  continued  heat,  as  it  exifts  on  vines  in  hot-houfes, 
which  are  kept  too  warm,  or  too  clofe  in  re  fpect  to  their  ventila- 
tion. 

This  fecretion  has  not  the  fweet  tafle  like  that  of  the  honey-dew, 
Put  confiffs  of  mucilage  ; which,  as  the  watery  part  evaporates  by 
heat,  remains  on  the  plant  in  very  fmall  round  hard  globules,  like 
millet  feeds,  whence  their  name.  I once  witneffed  a very  fimilar  ap- 
pearance of  minute  hard  round  globules  on  the  (kin  in  a miliary  fe- 
ver, which  eafily  were  rubbed  off  with  the  finger;  and  were  proba- 
bly occafioned,  as  in  this  vegetable  difeafe,  by  too  great  heat,  and  the 
exclufion  of  air,  as  defcribed  in  Zoonomia,  Vol.  IL  Clafs  2.  1.  3.  12. 

In  the  evaporation  of  perfpirable  matter,  which  in  its  difeafed  (late 
may  be  more  mucilaginous  than  natural,  in  confined  bed-rooms  or 
hot-houfes,  I fuppofe,  the  aqueous  part  only  is  exhaled,  and  the  mu- 
cilaginous part  remains  in  the  form  of  a globule  ; in  the  fame  man- 
ner as  ffaladlites  are  formed  on  the  roofs  of  caverns  from  a folution  of 
calcareous  earth  in  water,  (imply  by  the  evaporation  of  the  water. 

9.  Fluxus  umbilicalis,  fap-flow,  this  occurs,  when  the  alburnum 
or  fap-wood  of  trees  is  wounded  in  the  vernal  months,  as  in  birch 
and  maple,  defcribed  in  Seel.  111.  2.  2.  and  confifts  of  a faccharine 
and  mucilaginous  fluid  fimilar  to  the  honey-dew,  or  fuffufio  mel- 
lita ; and  is  often  very  troublefome,  when  vines  in  hot-houfes  are 
pruned  too  late  in  the  feafon,  as  the  whole  branch  is  liable  to  bleed 
to  death,  owing  thus  to  the  lofs  of  the  fap-juice,  which  ought  to  be 
employed  in  nourifhing  the  young  buds,  and  expanding  their  leaves. 

When  Come  perennial  plants  have  rifen  but  a certain  height  from 
the  ground,  if  their  ffems  are  much  wounded,  or  cut  off,  the  roots 
are  liable  to  bleed  to  death  from  this  difeharge  of  the  umbilical  fluid, 
or  fap-juice,  which  ought  to  have  nourifhed  and  expanded  the  new 
buds  and  foliage  ; as  may  be  feen  in  cutting  down  the  heracleum 
fpondylium,  cow  parfnep,  in  April  ; and  on  this  account  it  has  been 
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recommended  to  mow  down  thirties,  and  other  weeds,  which  are 
troubleforae  from  their  numerous  increafe,  early  in  the  fpring  ; as 
many  of  them  will  then  die,  and  the  reft  be  much  weakened  by  the 
fap-flow,  which  attends  their  wounds  at  that  feafon. 

In  refpeft  to  trees  another  period  of  fap-flow  is  laid  to  exiflt,  when 
the  new  buds  are  forming  after  Midfummer,  as  fpoken  of  in  Se£t.  III. 
2.  8.  Whence  wounds  at  this  fealon  aifo  mull  be  injurious;  where 
this  lofs  of  fap-juice  occurs  in  hot-houfes  various  applications  have 
been  recommended  by  gardeners.  I fulpedt  that  a bit  of  fponge  bound 
upon  the  end  of  the  cut  branch,  or  on  the  wound,  by  means  of  fome 
elaftic  bandage,  muli  be  the  moft  certain  application  ; or  a wire 
twifted  round  the  end  of  the  branch  cut  off,,  fo  tightly  as  to  ftrangu- 
late  the  whole  circulation  of  juices,  and  confequently  dertroy  the 
part  above  the  ligature. 

io.  Secretio  gummofa,  gum  fecretion,.  a morbid  produdlion  of 
gum,  which  differs  from  the  fap-juice  above  defcribed,  as  it  contains 
no  faccharine  quality,  though  like  the  former  it  exfudes  from  the 
wounded  alburnum  of  deciduous  trees  ; whether  the  wound  be  ori- 
ginally caufed  by  internal  difeafe,  or  by  external  violence,  as  men-- 
tioned  in  the  gangrene  of  the  bark  above  defcribed.. 

Where  this  happens  to  cherry-trees,,  prunus  cerafus,  a gum  ex.- 
fudes  like  gum  arabic  ; which  in  dry  weather  hardens,  as  it.  adheres, . 
and  thus  prevents  the  further  difcharge  of  this  nutritive  material; 
otherwife  the  tree  weeps  away  its  life,  periling  from  deficient  nou- 
rilhment.  In  fimilar  manner  a refin  is  emitted  from  the  injuries  or 
wounds  of  pine-trees,  and  fome  other  evergreens,  with  great  injury 
to  the  growth,  or  the  deftrudtion  of  the  tree. 

This  exfudation  of  the  gum  or  refin  of  trees,  as  it  happens  chiefly 
in  fummer,  is  probably  a part  of  nutritious  fluid  defigned  for  the  new 
buds,  which  in  moft  deciduous  trees  are  formed  about  this  time,  and: 
fhould  be  prevented  from  continuing  to  flow  by  binding  on  the  part, 
previoufly  made  fmooth  by  a knife,  a metallic  plate,  as  of  the  lead 
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in  which  tea  is  wrapped,  fo  as  to  prevent  rain  or  dew  drops  from  dif- 
folving  the  indurated  gum.  A bit  of  fponge,  or  of  foft  leather,  or 
of  Indian  rubber,  caoutchouc,  might  be  bound  on  under  the  lead, 
till  the  wound  is  healed.  Might  not  a Prong  folution  of  green  vitriol 
in  water,  or  fome  ink,  if  applied  to  the  extremities  of  thefe  bleeding 
veflels,  ftimulate  them  into  contraction,  and  prevent  the  further  ef- 
fufion  of  gum  ? 

Another  method  might  be  worth  trial,  which  is  mentioned  in 
Sedt.  XVII.  3.  10.  A piece  of  bark  from  a fimilar  tree  of  inferior 
value  might  be  cut  out,  fo  as  nicely  to  fit  the  wounded  part,  after  its 
edges  were  nicely  fmoothed,  and  might  be  tied  on  by  a proper  ban- 
dage, as  the  lifting  cut  from  the  edges  of  cloth,  or  flannel,  fo  that 
its  elafticity  might  fe.c u re  a perpetual  preflure  without  injury. 

II.  DISEASES  FROM  EXTERNAL  ELEMENTS. 

i..  In  climates  liable  to  inceflant  rains  or  perpetual  drought  for  a 
length  of  time  many  difeafes  of  vegetables  rnuft  originate  from  the 
excels  of  moifture,  or  to  the  want  of  it ; which  are  not  very  frequent 
in  this  country.  In  moift  feafons  the  leaf-buds  of  plants,  as  of  grafs 
and  corn,  as  well  as  of  trees  and  perennial  vegetables,  grow  too  lux- 
uriantly ; and  the  flowers  and  confequent  fruits  or  feeds  are  later, 
and  contain  more  aqueous,  and  lefts  mucilaginous  and  faccharine 
matter. 

On  the  contrary,  in  dry  feafons  the  leaf-buds  are  lefs  vigorous,  and 
therefore  in  lels  quantity,  as  the  crops  of  hay,  and  the  quantity  of 
ftraw  ; but  the  fruits  and  feeds  ripen  earlier,  and  are  of  more  grate- 
ful flavour,  and  more  nutritious. 

2.  The  effect  of  heat  on  vegetation  is  fpoken  of  in  SeCt.  XIII. 
2.  2.  The  excefs  of  that  element  is  feldom  much  injurious  to  the 
vegetation  of  this  country,  unlefs  it  may  contribute  to  increafe  the 
ftryuefs  of  the  foil,  when  there  is  a fcarcity  of  moifture.  But  the  de- 
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fed'  of  the  element  of  heat,  or  in  common  language  excefs  of  cold, 
is  frequently  deftrudive  to  the  early  fhoots  of  the  afn,  fraxinus,  and 
to  the  early  blofToms  of  many  fruit-trees,  as  apples,  pears,  apricots; 
as  thefe  are  either  more  fucculent,  or  have  lefs  irritability,  or  more- 
fenfibility ; on  both  which  accounts  they  are  more  liable  to  be  dif- 
eafed  by  cold. 

The  blights  occafioned  by  froft  generally  happen  in  the  fpring, 
when  cold  nights  l'ucceed  to  warm  funny  days,  as  the  living  power 
of  the  plant  has-  then  been  previoufly  exhaufted  by  the  ftimulus  of 
heat,  and  is  therefore  lefs  capable  of  being  excited  into  the  adions, 
which  are  neceffary  to  vegetable  life,  by  the  greatly  diminifhed  -fti- 
mulus of  a freezing  atmofphere. 

In  fome  northern  climates,  where  the  long  funny  days  fucceed  the 
diflolving  of  the  fnows,  as  in  Denmark  and  in  Ruffia,  the  gardeners 
are  faid  to  Ihelter  their  wall-trees  from  the  meridian  fun  in  the  ver- 
nal months ; which  preferves  them  from  the  cold  of  the  fucceedino- 
night ; and  by  preventing  them  from  flowering  too  early  avoids  the 
danger  of  the  vernal  frofts. 

The  deftrudion  of  the  more  fucculent  parts  of  vegetables,  as  their 
early  fhoots,  and  that  efpecially  when  expofed  to  frofty  nights,  was 
fpoken  of  in  Sed.  XIII.  2.  2.  and  can  only  be  counteraded  by  co- 
vering them  from  the  defcending  dews  or  rime  by  the  copin c-ffones 
of  a wall,  or  matts  of  draw. 

3.  The  blafts  occafioned  by  lightning  are  more  frequent,  I be- 
lieve, than  is  ufually  fuppofed  ; as  I am  informed  by  thofe,  who- 
purchafe  extenfive  woods,  that  very  many  trees  on  being  fawed: 
through  are  found  cracked,  and  much  injured  by  lightning.  I had 
laft  year  a ftandard  apple-tree,  and  a tall  apricot-tree,  in  full  leaf 
blafled  at  the  fame  time  by  lightning,  as  was  believed.  They  both 
lod  all  their  leaves ; the  apple-tree  neverthelefs  put  out  a new  fo- 
liage, and  recovered,  and  bore  fruit  this  year ; but  the  apricot,  which 
was  nailed  to  a high  wall,  never  fhewed  any  returning  life. 
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Mr. Tull  afcribes  one  injury  to  the  health  of  wheat  plants,  and  fre- 
quently their  death,  to  lightning  ; the  effects  whereof,  he  fays, 
may  be  obferved  by  the  blackifh  parts  or  patches  vihble  in  a field  of 
wheat,  efpecially  in  thofe  years  which  have  more  thunder-ftorms 
than  ufual,  and  adds  that  againft  this  there  is  no  remedy. 

The  erection  of  frequent  metallic  points  could  alone  fecure  a garden 
or  field  from  this  misfortune  ; which  probably  occurs  more  frequently 
on  damp  fituations,  than  on  dry  ones  ; as  mentioned  in  the  account 
of  Fairy  Rings  in  Botanic  Garden,  Vol.  I.  note  XIII. 

The  manner  in  which  lightning  deftroys  the  life  of  vegetables 
may  be  fimilar  to  that,  in  which  it  deftroys  animal  life;  which  is  I 
fuppofe  by  its  great  ftimulus  exhaufting  the  fenforial  power  in  the 
violent  adtion  it  occafions,  and  thus  producing  total  inirritability  to  the 
common  ftimuli,  which  ought  to  excite  the  vital  adtions  of  the  fyf- 
tem  ; fimilar  to  which,,  though  with  lefs  expedition,  feems  to  be  the 
effedt  of  fome  poifons  on  the  animal  fyftem,  as  the  diftilled  water  of 
lauro-cerafus,  a folution  of  arfenic,  the  contagious  matter  of  fevers, 
and  even  a common  emetic  ; all  which  by  their  ftrong  ftimulus  feem 
almoft  inftantaneoufly  to  render  the  ftomach,  and  other  parts  of  the 
fyftem,  nearly  or  entirely  inirritable,  or  difobedient  to  their  natural 
ftimuli. 

It  may  alfoafFedt  vegetables  in  another  way  fimilar  to  that,  which 
probably  alfo  happens,  when  their  young  fucculent  Ihoots  are  frozen  ; 
that  is,  by  burfting  their  veftels,  as  it  pafles  through  them,  by  its 
expanfive  power  ; as  happens  to  the  large  branches  of  lome  trees, 
and  to  ftone-buiidings,  and  other  bad  conductors  of  eledtricity,  when 
they  are  ftruck  with  lightning. 

The  expanfive  power  of  electricity  is  not  only  fhewn  by  trees  and 
towers  being  rent  by  lightning,  but  by  the  found,  which  fucceeds  the 
pafiage  of  it  through  air;  fince  a vacuum,  or  nearly  a vacuum,  in  re- 
fpedt  to  air  muft  previoufly  be  made  by  the  prefence  of  the  eledtric 
fluid  ; and  the  fides  of  this  vacuum  rufhing  together,  when  the 
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-ft ream  lias  palled,  occafions  the  confequent  vibrations  of  the  air,  which 
eonftitute  found,  whether  in  the  audible  fpark  of  electricity,  or  the 
tremendous  crafh  of  thunder.  See  Se£t.  XIII.  3. 

4.  The  element  of  light,  as  well  as  that  of  heat,  is  neceflary  to  ve- 
getation. In  this  climate  they  both  feem  in  general  to  be  injurious 
only  by  their  defeat,  and  feldom  bv  their  excefs.  But  as  light  aCts  as 
a ftimulus  on  the  more  irritative  or  fenfitive  parts  of  plants,  which 
appears  by  the  expanfion  of  many  flowers,  and  of  fome  leaves,  when 
the  fun  fhines  on  them ; and  by  the  nutation  of  the  w hole  flower,  as 
of  the  fun-flower,  helianthus ; and  by  the  bending  of  the  fummits  of 
all  plants  confined  in  houfes  towards  the  light ; there  may  be  difeafes 
owing  to  the  excefs  of  this  ftimulus,  which  have  not  been  attended 
to  ; to  prevent  which  the  flowers  of  tragapogon  falfafi,  and  of  other 
plants,  clofe  about  noon.  Other  unobferved  difeafes  may  be  owing 
to  a defeat  of  the  ftimulus  of  light;  as  a mimofa,  fenfitive  plant, 
which  I had  confined  in  a dark  room,  did  not  open  its  foliage,  though 
late  in  the  day,  till  many  minutes  after  it  was  expofed  to  the  light. 

The  excefs  of  light  has  not  been  obferved  to  be  attended  by  vege- 
table difeafes  in  thefe  more  northern  latitudes  ; but  the  difeafe  pro- 
duced by  the  deficiency  of  it,  which  is  termed  etiolation,  or  blanching, 
has  been  fuccefsfully  ufed  to  render  fome  vegetable  leaves  and  ftalks 
efculent  by  depriving  them  of  much  of  their  acrimony,  and  of  their 
cohefion,  as  well  as  of  their  colour ; as  is  feen  in  the  blanching  of 
celery,  apium;  endive,  cichorium ; cinara,  cardoon;  fea-cale, 
crambe. 

The  following  method  of  the  growth  and  etiolation  of  fea-cale  is 
tranferibed  from  the  letter  of  a friend  ; to  which  fhould  be  added, 
that  the  young  heads  of  this  vegetable  without  blanching  are  equal 
or  fuperior  to  moft  kinds  of  brocoli,  braflica.  “ Sea-cale  feed  fhould 
be  fowed  the  latter  end  of  March  or  beginning  of  April  in  drills, 
and  then  earthed  up.  In  autumn  it  fhould  be  tranfplanted  into  high 
beds,  one  row  of  roots  in  a bed,  about  a foot  afunder,  and  in  the 
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winter  it  Ihould  be  covered  up.  It  muft  be  kept  dry,  that  is,  the 
bed-s  made  in  the  dried:  ground  ; it  is  not  fit  to  be  eaten  till  the  third 
year  after  it  is  fowed.  The  year  before  it  is  eaten  it  mud:  be  co- 
vered up  in  the  beginning  of  winter,  firft  with  liable  dung,  which 
may  be  kept  from  preffing  on  it  by  a few  Hicks  placed  like  a cone 
over  each  root  then  with  long  litter  two  or  three  feet  high  ; the 
higher  the  better,  becaufe  the  more  it  is  forced,  the  earlier  it  is- fit  to 
be  gathered,  and  the  whiter  it  will  be.  It  is  to  be  gathered  about 
the  beginning  of  January,  and  fo  on  till  May,  one  bed  being  kept 
under  another.  It  Ihoiild  be  boiled  and  fent  up  on  toad:  like  afpara- 
gus,  and  is  an  excellent  vegetable,  and  at  an  early  feafon.” 

5.  The  earth,  on  which  vegetables  infert  their  roots,  fometimes 
prefents  noxious  materials  to  their  abforbent  fyftem,  as  the  acidity  of 
iome  clays  into  which  when  the  roots  of  fome  fruit  trees  penetrate, 
they  are  faid  to  lofe  their  health,  as  mentioned  in  Sedt.  II.  9.  by 
the  death  or  decay  or  their  root -fibres. 

Pure  filiceous  fands  alfo  prevent  vegetation  from  their  containing 
no  carbonaceous  matter,  and  by  their  fo  readily  permitting  the  dews 
and  rains  to  exhale  from  them,  efpecially  in  hotter  climates,  where 
they  conftitute  a moving  furface  unfriendly  to  all  organized  life. 

6.  There  are  alfo  noxious  exhalations  diffufed  in  the  atmofphere  in 
the  neighbourhood  of  fome  manufactories;  which  are  faid  to  injure 
the  growth  or  deftroy  the  life  of  vegetables ; as  the  fmoke  from  the 
furnaces,  in  which  lead  is  fmelted  from  the  ore,  from  potteries,  and 
from  lime-kilns  ; to  which  may  be  added  the  marine  fait,  or  marine 
acid,  which  abounds  in  the  too  great  vicinity  of  the  fea. 

To  thefe  belong  the  experiments  of  Dr.  Pefchier  of  Geneva, 
who  immerfed  feveral  plants  in  vapours  of  nitrous  acid,  of  volatile 
alkali,  and  of  ether,  to  the  great  injury  or  death  of  the  plants.  Jour- 
nal de  Phyfique  par  Delametherie,  T.  ii.  p.  345. 

7.  Unwholefome  or  poifonous  materials  may  be  applied  to  vegeta- 
bles fo  as  to  difeafe  or  deftroy  them  ; as  their  abforbent  fyftems  like 
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thofe  of  animals  are  liable  to  imbibe  many  noxious  materials,  as  men- 
tioned in  Sedt.  II.  8.  A (light  folution  of  arfenic,  fprinkled  on  a 
peach-tree  in  the  fpring,  deftroyed  the  branches  which  received  it. 
A folution  of  liver  of  fulphur  was  equally  fatal  to  the  branches  of  a 
nedlarine-tree,  and  alfo  oil  of  turpentine. 

Mr.  Von  Uflar  affirms,  that  watering  plants  with  a due  quantity 
of  oxygenated  muriatic  acid  will  increafe  their  irritability;  and  if 
carried  beyond  a certain  degree  will  injure  or  defiroy  the  vegetable 
by  giving  it  too  much  oxygen  ; which  is  known  in  due  quantity 
to  be  a falutary  material,  and  the  mod:  neceffary  of  all  others  to  ve- 
getable as  well  as  to  animal  life. 

8.  There  are  materials  called  condiments,  which  are  believed  to 
pofiefs  ftimulus  without  nutriment  in  refpedt  to  animal  bodies,  as 
fpice,  fait,  bitters,  as  the  hop,  and  probably  opium  and  vinous  fpirit. 
Thefe  when  taken  into  the  ftomach  increafe  its  activity,  and  render 
the  animal  for  a time  fat,  and  even  ftrong  j but  as  all  increafe  of 
fiimulus,  beyond  what  is  natural,  is  followed  by  debility;  after  a time 
the  animal  becomes  weak,  and  emaciated  ; and  enervated  in  mind  as 
well  as  body  ; as  is  uniformly  feen  in  thofe  who  are  addidted  to  the 
life  of  much  beer  and  wine,  or  of  opium  ; and  in  a lefs  degree  where 
fpice,  or  fait,  or  bitters,  are  taken  in  too  large  quantity. 

What  then  (hall  we  fay  to  the  ufe  of  common  fait  in  agriculture  ? 
as  it  is  a fiimulus,  which  pofl'efles  no  nourifhment,  but  may  incite 
the  vegetable  abforbent  velTels  into  greater  adtion  ; it  may  in  a cer- 
tain quantity  increafe  their  growth  by  their  taking  up  more'  nutri- 
ment in  a given  time,  and  performing  their  circulations  and  fecre- 
tions  with  greater  energy.  In  a greater  quantity  its  ftimulus  may  be 
fo  great  as  to  adt  as  an  immediate  poifon  on  vegetables,  and  deflroy 
the  motions  of  the  veffels  by  exhaufting  their  irritability. 

After  a time  I fufpedt  vegetables  will  always  be  liable  to  difeafe 
from  this  ftimulating  innutritive  material  ; and  that  though  it  may 
increafe  the  early  growth  of  the  plant,  it  will  injure  its  flowering  or 
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feed-bearing;  and  that  hence,  if  it  be  ufed  at  all,  it  fhould  be  a little 
before  the  time,  that  the  plant  would  acquire  that  part  of  its  growth, 
which  is  wanted.  Thus  if  the  herb  or  young  ftem  only  be  wanted, 
as  in  fpinage,  mercury,  afparagus,  apply  fait  early  ; if  the  flower  be 
wanted,  as  in  brocoli  and  artichoke,  or  in  tulip  or  hyacinth,  moiften 
them  with  a flight  folution  of  fait,  when  the  flower- bud  is  formed. 
When  the  fruit  or  feed  is  wanted,  as  in  melons  or  cucumbers,  or 
peas  and  beans,  apply  the  folution  of  fait  Fill  later,  and  at  all  times 
with  rather  a parflmonious  hand.  See  Se£t.  X.  7.  4. 

Similar  to  this,  where  animals  difeafed  with  fuperabundancy  of  fat 
are  required,  it  is  cuflomary,  I am  told,  to  feed  poultry  for  the  Lon- 
don markets  by  mixing  gin  and  even  opium  with  their  food,  and  to 
keep  them  in  the  dark  ; but  they  mild  be  killed  as  foon  as  their  cor- 
pulency is  formed,  or  they  foon  become  weak,  and  emaciated  like 
human  drunkards.  And  in  fome  countries,  as  in  Languedoc  in 
France,  the  livers  of  geefe  and  ducks  are  required  to  be  enlarged  and 
difeafed  ; as  they  are  reckoned  a dainty  by  modern  epicures,  as  well 
as  by  the  ancient  ones,  who  fpeak  of  the  tumidum  jecur  anferis  ; and 
for  this  purpofe  the  animals  are  kept  in  the  dark,  and  crammed  with 
more  than  their  natural  quantity  of  nutriment  ; but  are  faid  to  be- 
come lean,  and  to  die,  if  not  killed  as  foon  as  this  difeafe  is  pro- 
duced. 

It  is  neverthelefs  to  be  obferved,  that  fea-falt  as  well  as  other  Si- 
mulating condiments  may  be  advantageoufly  ufed  as  medicines, 
though  injurious  as  common  food.  Thus  it  is  aflerted  by  Baron 
Schulz  in  the  communications  to  the  board  of  Agriculture,  Vol.  I. 
Part  III.  and  IV.  p.  318,  that  it  deftroys  the  fafciola  hepatica,  or 
flewk-worni  in  Iheep.  Some  have  recommended  one  ounce  of  fait  to 
be  given  every  day  diflolved  in  water,  but  it  is  probable,  it  might  be 
ufed  with  greater  advantage,  if  hay  was  moiftened  with  the  folution, 
which  would  thus  at  the  fame  time  fupply  them  with  better  nourilh- 
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ment  than  generally  falls  to  the  lot  of  thefe  difeafed  fheep,  on  fuppo- 
fition  that  they  would  eat  it. 

The  rot  of  fheep,  I fufpedt,  ariles  from  the  inactivity  of  the  abfor- 
bent  veftels  of  the  liver  of  that  animal;  whence  the  bile  is  too  dilute, 
efpecially  in  moift  feafons ; whence  the  flewk-worm,  as  I have  feen 
in  the  fhambles,  inhabits  the  common  bi!e-du£t,  and  at  length  erodes 
the  liver,  caufing  ulcers  ; which  from  the  fympathy  of  the  lungs  with 
the  liver  oceafions  a cough,  and  a heCtic  fever  from  the  abforption 
of  the  matter.  Hence  the  fait  by  its  additional  ftimulus  may  render 
the  bile  lefs  dilute  by  promoting  a greater  abforption  of  its  aqueous 
parts,  as  well  as  a greater  fecretion  of  it ; which  however  I fufpeCt 
would  be  much  more  efficacious,  if  about  fixty  grains  of  iron-filings 
made  into  a ball  with  flour  was  given  every  morning  for  a week  along 
with  the  fait,  as  further  explained  in  Zoonomia,  Part  III.  Art.  4.  2. 
(d » 4* 

Since  writing  the  above  account  of  common  fait  as  a condiment’, 
and  the  probable  confequences  attending  the  ufe  of  it,  I have  met 
with  fome  experiments  publifhed  by  Lord  Kaimes  in  his  Gentleman 
Farmer,  which  feem  much  to  confirm  the  preceding  account.  He 
watered  fome  Jerusalem  artichokes,  helianthus  tuberofus,  which 
were  planted  in  feparate  pots,  with  a folution  of  fixed  vegetable  ah 
kali,  others  with  volatile  alkali,  others  W'ith  weak  lime  water,  others 
with  flrong  lime  water,  others  with  putrid  urine*  and  laftly  others 
with  water  impregnated  with  putrid  animal  and  vegetable  fubftances, 
J fuppofe  as  they  exift  in  a dunghill.  All  thefe  faline  folutions  at  firft 
encouraged  the  growth  of  the  refpeClive  plants,  fo  as  much  to  fur- 
pafs  thofe  in  the  pot,  which  was  moiftened  only  with  common  war 
ter,  as  a ftandard  to  compare  the  others  to  ; but  by  additional  quanti- 
ties of  the  folutions,  they  all,  except  the  laft,  gradually  loft  their 
vigour,  and  perilhed  in  the  end,  as  I fuppofe,  by  the  excefs  of.  fti- 
mulus,, 


There 


OF  PLANTS. 


339 


Sect.  XIV.  2.  9. 

There  is  alfo  an  experiment  in  the  works  of  Mr.  Anderfon,  which 
feems  to  fhew,  that  common  fait  poffeffes  no  nutritive  quality  adapt- 
ed to  vegetable  growth  ; and  that  in  fome  foils,  or  to  fome  vegeta- 
bles, it  would  feem  not  even  to  aft  as  a ftimulus  or  condiment.  lie 
marked  out  a circle  of  fix  feet  diameter  in  the  middle  of  a grafs  held, 
which  he  diflinguifhed  by  driving  a flake  in  the  centre  ; on  this  circle 
he  ldre wed  common  fait,  fo  as  to  lie  neaily  an  inch  thick  on  the 
ground.  The  grafs  fprung  up  in  this  circle  in  the  fame  manner  as 
in  the  other  parts  of  the  ground,  and  the  place  could  only  be  diflin- 
guifhed by  the  flake,  though  it  was  left  there  for  fome  years.  Encycl. 
Britan.  Art.  Agriculture.  See  Sefl.  X.  7,  5.  of  this  work.  This  ex- 
periment is  worthy  to  be  repeated,  left  there  might  have  been  fome 
miflake  attending  it  ; as  fo  many  authors  have  given  experiments 
with  contrary  refults  ; and  as  fome  other  neutral  falts  were  fhewn 
to  promote  vegetation  in  the  experiments  of  Dr.  Home. 

9.  Some  difeafes  from  external  violence  have  been  already  men- 
tioned in  this  Seftion,  in  which  the  injury  is  a remote  rather  than  a 
proximate  caufe  of  the  difeafe,  as  in  the  canker  fometimes,  and  the 
fap-flow,  and  gum-fecretion.  But  fome  other  difeafes  from  external 
violence  have  been  purpofely  produced,  as  well  as  that  of  etiolation, 
and  turned  to  advantage  ; as  the  bunches  of  grapes,  which  have  ac- 
quired their  full  fize,  are  faid  to  ripen  fooner,  if  the  Balk  of  the 
bunch  be  cut  half  through.  Tournefort  fays,  that  the  figs  in  Pro- 
vence and  about  Paris  ripen  fooner,  if  the  buds  be  wounded  with  a 
flraw  dipped  in  olive-oil.  And  laftly,  the  figs  in  the  ifland  of  Malta 
are  made  to  ripen  fooner  by  caprification-;  as  fpoken  of  in  Botanic 
Garden,  Vol.  II.  note  on  Caprificus.  And  it  may  daily  be  remarked, 
that  thofe  apples  and  plums  ripen  fooner,  which  have  been  wound- 
ed by  infedts  ; and  that  pears  will  ripen  confiderably  fooner,  if  they 
be  immaturely  plucked  from  the  tree,  which  mufl  be  efleemed  in- 
jurious to  the  life  of  the  pear  ; and  as  the  converfion  of  auflere  acid 
juices  of  fruit  into  fugar  in  the  procefsof  ripening  may  be  in  partche- 
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mical,  it  may  proceed  more  haftily,  when  the  life  of  the  fruit  is  im- 
paired or  destroyed  ; as  feems  to  occur  in  the  drying  of  germinated 
barley,  and  in  baking  pears,  as  well  as  in  bruiting  apples  for  the  pur- 
poie  of  making  cyder ; whieh  laft  effect  might  probably  be  much 
- improved  by  the  addition  of  warmth. 


III.  DISEASES  OCCASIONED  BY  INSECTS. 

i.  Among  the  difeafes  of  plants  Linneus  adds  in  his  Philofophia 
Botanica  the  nefls  of  thofe  infedts,  which  depofit  their  eggs  in  plants; 
whence  a variety  of  excrefcences.  Thefe  are,  i.  The  galls  of  oak, 
'of  ground-ivy,  ciftus,  trembling  poplar,  willow,  and  hawk-weed. 
2.  Bedequar  of  rofes,  or  briar-balls.  3.  Follicles  of  piftachia,  and 
black  poplar.  4.  Contortions  of  ceraftium,  chick-w’eed,  veronica, 
J fpeedwell,  and  lotus.  5.  Scales  of  firs,  willows,  and  rofes. 

He  then  adds,  that  the  duplicature  and  prolification  of  flowers  is 
often  occafioned  by  infedts,  as  common  chamomile,  matricaria,  is 
thus  made  proliferus ; and  that  carduus  caule  crifpo  bears  larger  flo- 
rets, with  the  piftils  growing  into  leaves,  by  the  wounds  of  infefts. 

It  muff  be  obferved,  that  thefe  excrefcences  on  the  leaves  of  fome 
plants,  or  mutation  of  their  manner  of  growth,  are  not  always  the 
confequence  of  a Ample  wound  or  pun&ure  of  the  infefts,  but  of  the 
depofition  of  their  eggs,  or  young  offspring  ; which  afterwards  con- 
tinue to  Simulate  the  growing  plant  into  unnatural  motions,  and 
confequcntly  into  unnatural  growth  ; like  the  inflammation  and  con- 
fequent  new  granulations  of  flefh  in  the  wounds  of  animal  bodies ; 
which,  if  the  Ikin  is  prevented  from  fpreading  over  them,  will  rife 
into  large  fubffances  of  fungous  flefh  ; or  beneath  the  fkin,  where  it 
is  loofe,  as  in  wens. 

Many  flowers  are  deffroyed  or  rendered  unprolific  by  the  depre- 
dation of  infe&s,  as  rofe-buds  by  the  cynips ; and  I remember  ob- 
ferving  one  dry  fummer,  that  every  bloflbm  of  a large  quince  tree 
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was  pierced  by  a fly,  and  rendered  unprolific  before  the  blofloms  had 
opened.  I have  alfo  leen  the  hood  of  the  aconite,  fo  replete  with  an 
acrid  juice,  pierced  by  infedts  to  plunder  it  of  its  honey. 

2.  The  curling  of  the  leaves  of  nectarine,  and  peach,  and  cherry-- 
trees, with  the  cells  or  bladders  on  their  furfaces,  are  formed  in  con- 
fequence  of  the  wounds  inflidted  by  the  aphis ; in  the  fame  manner 
as  the  galls  and  bedeguars  on  the  oak  and  fweet-briar  by  other  infedts, 
but  without  their  nidification  or  the  depofition  of  their  eggs;  though 
from  the  fudden  and  general  appearance  of  thefe  injuries  they  have 
been  afcribed  to  blights  from  inclement  weather. 

Some  obfervers  have  believed  neverthelefs,  that  thefe  affedted  leaves 
were  previoufly  out  of  health  ; which  occafioned  them  to  fupply  a 
proper  fituation  for  thofe  infedts,  which  moleft  them  ; as  I have  fre- 
quently obferved,  that  fnails  or  flugs  eat  thofe  leaves,  which  have 
been  plucked  from  cucumber  plants,  and  are  beginning  to  wither  ; in. 
preference  to  thofe,  which  are  growing  in  perfedt  health. 

Mr.  Lawrence  relates,  that  in  June  the  leaves  of  fome  of  his  wall- 
pear-trees  were  much  injured  by  a hail-rtorm,  which  leaves  were  af- 
terwards blighted,  and  become  full  of  tumours  from  infedts;  and  the 
pears,  which  were  then  as  large  as  walnuts,  all  perifhed.  On  this 
Mr.  Bradley  remarks,  that  infedts  generally  lay  their  eggs  on  the  dead 
or  putrefying  parts  both  of  vegetable  and  animal  bodies  ; and  adds  a 
conjedture,  that  the  parent  infedts  may  circulate  in  the  juices  of  the 
plant,  which  however  is  not  probable,  as  though  microfcopic  animals 
have  been  difcovered  in  the  ftagnating  juices  of  animal  bodies,  as  in 
the  puftules  of  the  itch,  and  in  the  faeces  in.the  dyfentery,  and  even  in 
the  femen,  which  may  have  rtagnated  in  the  velicuke  feminales;  yet 
no  fuch  animalculae  have,  I believe,  ever  been  detected  in  recent  blood., 
or  any  recent  fecretions  from  it. 

A prediledtion  for  fome  withered  leaves  appears  alfo  in  larger  ani- 
mals as  well  as  in  infedts ; cows  will  eat  young  thirties,  a few  hours 
after  they  are  cut  down,  as  their  prickles  become  flaccid ; and  horfes 
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refufe  the  young  (hoots  of  yew-trees,  as  they  grow  ; but  will  eat 
them  when  they  are  cut  off,  and  begin  to  wither ; and  on  that  ac- 
count lofe  a part  of  their  acrimony;  though  there  is  dill  often  dif- 
fident poifon  within  them  to  dedroy  the  animal.  And  it  is  even 
probable,  .that  when  the  leaves  of  yew  are  withered  to  a greater  de- 
gree, their  poifonous  acrimony  becomes  fo  far  deftroyed,  that  they 
ceafe  to  be  deleterious  to  horfes;  fo  that  in  Heffe  in  Germany  it  is 
cudomary  in  the  winter  to  crop  the  young  (hoots  of  yew-trees,  and 
mixing  them  with  other  provender  to  give  them  as  common  food  to 
horfes.  See  Anderfon  on  Agriculture,  Vol.  111.  p.  590. 

On  this  account  if  wall-trees  are  frequently  watered  by  an  engine, 
fo  as  to  moiden  their  leaves  or  branches  as  well  as  the  ground  at  their 
roots  on  the  dry  days  in  fpring,  by  which  they  will  be  kept  in  vi- 
gorous growth,  I was  told,  that  they  would  totally  or  nearly  efcape 
the  depredations  of  infedts  ; but  I found  by  an  experiment  well  con- 
ducted on  three  trees,  that  this  management  had  no  effedt ; and  I alfo 
obferved  in  the  fpring  and  fummer  of  this  year,  1798,  which  feems 
to  have  much  favoured  the  production  of  the  aphis,  that  they  at- 
tacked the  mod  healthy  leaves  of  peach  and  nedtarine  trees,  as  well 
as  the  others  ; and  that  plums,  cherries,  black  currants,  and  many 
other  trees  fuffered  by  their  depredations,  though  previoufly  in  perfedt 
vigour.  And  ladly,  that  on  repeatedly  having  walhed  off  many  thou- 
fands  of  aphifes  from  peach  and  nedtarine  leaves  by  a ftrong  dream 
from  a forcible  water-engine,  that  they  evidently  crawled  again  up 
the  dems  of  the  trees,  or  on  the  wall  to  which  they  were  nailed,  as 
in  another  day  thelowermod  branches  were  thus  more  infeded  with 
them  than  the  upper  ones. 

The  hidory  of  the  aphis,  puceron,  or  vine-fretter,  is  fo  curious, 
the  dedrudtion  it  commits  on  the  foliage  of  the  peach  and  nedtarine 
is  in  dry  fummers  fo  irrefidible,  and  its  exidence  on  other  trees  fo 
extenfive,  that  it  demands  our  particular  attention.  See  No.  1.  7.  of 
this  Sedtion.  From  the  obfervations  of  Swammerden,  Bonnet,  Dr. 
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Richardfon,  and  of  other  philofophers,  this  extraordinary  infect  rifes 
in  the  fpring  from  eggs,  which  are  faid  to  be  attached  by  the  parent 
aphis  to  the  twigs  of  trees  in  the  autumn,  and  are  believed  to  produce 
not  a larva  or  caterpillar,  but  a progeny  fimilar  to  the  parent ; every 
one  of  which  produces  in  about  ten  days  not  an  egg,  but  another  liv- 
ing  progeny  to  the  ninth  generation,  without  being  connected  amato- 
rially  with  each  other.  The  ninth  generation  produces  males  and  fe>- 
males,  fome  of  both  kinds  with  wings,  and  others  without  them  ; 
and  this  tenth  generation  from  thofe,.  which  were  hatched  from  eggs, 
become  amatorially  connected,  and  produce  eggs  ;,  which  are  laid  on 
the  new  twigs  of  various  trees  for  the  next  year’s  progeny  to  be 
hatched  by  the  vernal  fun.  Philof.  Tranfadt.  Vol.  LXI.  p.  182. 

In  this  uncommon  circ.umftance  the  eggs  of  the  aphis  refemble  the 
feeds  of  plants;  which  firfb  produce  fome  fucceflive  generations  of 
leaf-buds,  which  are  a viviparous  progeny,  before*  they  again  pro- 
duce feeds,  which  are  their  oviparous  progeny,  as  mentioned  in  Sect. 
IX.  3. .1.  of  this  work.  Nor  is  this  to  be  afcribed  to  what  has  been 
termed  equivocal  generation,  or  to  an  impregnation  of  nine  fetufes 
enclofed  within  each  other,  as  fome  have  fuppofed.  But  this  central 
production  of  the  viviparous  progeny  of  the  aphis  feems  to  refemble 
the  lateral  production  of  a viviparous  progeny  from  the  polypus, 
which  in  time  detach  themfelves  from  their  parents;  like  the  buds 
of  the  polygonum  viviparum,  or  the  bulbs  of  the  magical  onion,  al- 
lium magicum  ; which  are  produced  from  the  flower-cup  inflead  of 
feeds,  and  in.  time  detach  themfelves,  and  fall  on  the  ground.  So 
that  thefe  aphifes  are  not,  I fuppofe,  to  be  efteemed  fecundated  fe- 
males, but  proliferous  males,  as  explained  in  Zoonomia,  VoL  I. 
Sect.  39.  on  generation,. 

This  double  mode  of  reproduction,  fb  exactly  refembling  the  buds 
and  feeds  of  trees,  accounts  for  the  wonderful  increafe  of  this  inledt ; 
which  according  to  Dr,  Richardfon  confifts  of  ten  generations,, and 
of  fifty  at  an  average  in  each  generation  ; fo  that  the'  fum  of  fifty 
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multiplied  by  fifty,  and  that  product  again  multiplied  by  fifty  nine 
times,  would  give  the  product  of  one  egg  only  in  countlefs  millions  ; 
to  which  muft  be  added  the  innumerable  eggs  laid  by  the  tenth  ge- 
neration for  the  renovation  of  their  progeny  in  the  enfuing  fpring. 

Their  pun&ures  of  the  leaves  of  peach  and  nedlarine  trees  in  the 
vernal  months,  and  of  cherry,  plum,  and  currant  trees  in  the  fum- 
mer,  produce  a fwelling  and  elevation  of  the  cuticle  of  the  leaf  on  its 
upper  fide,  and  a confequent  curling  of  it  with  its  upper  furface  out- 
wards, which  terminates  in  a deftrudtion  of  it  to  the  great  injury  of 
the  tree,  and  frequently  to  the  death  of  it  ; while  the  leaves  of  the 
nut-trees,  mentioned  above,  in  No.  1.  7.  of  this  Se&ion,  appeared  to 
be  but  little  injured  by  them,  though  fifty  or  a hundred  of  thefe  in- 
fers were  feen  under  every  leaf  about  Midfummer,  both  before  and 
after  their  affufion  with  the  honey-dew. 

From  Dr.  Richardfon’s  account  the  aphifes  on  the  rofe-tree  ap- 
peared in  February,  when  the  weather  happened  to  be  warm,  from 
fmall  black  oval  eggs  ; which  were  depofited  on  the  lad  year’s  (hoots 
in  autumn  ; and  that,  when  the  weather  became  colder,  great  num- 
bers of  them  peri(hed,  by  which  circumdance  the  rofe-trees  are  in 
dome  years  almoft  freed  from  them. 

They  came  to  their  full  growth  before  April,  and  after  having 
twice  call  off  their  exuviae,  every  one  of  them  produced  about  fifty 
young  ones  ; all  of  which  came  into  the  world  backwards,  ahd  ad- 
hered fometime  to  the  vent  of  the  parent  by  their  mouths  or  fore- 
part ; as  (hewn  in  a magnified  (late  at  fig.  2.  plate  IX ; and  were  at 
length  fet  down  on  fome  tender  (hoots  of  the  plant,  and  came  to  ma- 
turity in  about  ten  days,  calling  off  their  coats  two,  three,  or  four 
times. 

The  ninth  generation  in  Odober  confided  of  males  as  well  as  fe- 
males, which  were  feen  to  cohabit ; and  the  eggs  produced  by  their 
intercourfe,  he  alferts,  were  depofited  generally  near  the  new  buds, 
or  on  other  parts  of  the  twigs  of  the  trees,  which  they  polfeffed. 
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Thefe  were  at  fir  ft  green,  but  in  a few  days  became  brown,  and  by 
degrees  quite  black.  They  were  of  regular  oval  figures  about  one 
tenth  of  an  inch  in  length,  and  about  half  as  broad,  and  adhered 
firmly  by  means  of  fomething  glutinous,  and  refilled  the  feverity  of 
the  winter. 

Other  infedts,  which  are  produced  from  eggs,  and  become  winged 
butterflies  or  moths,  live  for  fome  time  in  the  intermediate  flate  of 
caterpillars  or  larvae.  During  this  Hate  of  their  exiftence  they  feed  on 
the  leaves,  on  which  they  are  hatched  ; or  on  fruits  or  kernels ; but 
after  they  have  acquired  wings  and  organs  of  reprodudtion,  fome  of 
them  take  no  food,  as  the  filkworm  ; and  others  live  only  upon  ho- 
ney, as  bees,  and  moths,  and  butterflies.  Now  the  aphis,  I fuppofe, 
has  no  intermediate  flate  between  the  egg  and  the  fly,  and  there- 
fore makes  no  holes  in  the  leaves  by  eating  them  ; or  if  any  of  them 
previoufly  exift  in  a caterpillar,  or  larva  flate,  it  can  be  only  thofe 
which  are  produced  from  eggs  in  the  early  fpring,  which  is  worthy 
of  future  attention. 

Whence  I fuppofe,  that  this  fly  lives  not  by  confuming  the  fo- 
liage of  the  plants,  which  it  inhabits.;  but  by  piercing  the  pulmo- 
nary veffels  in  their  natural  flate,  or  the  lymphatic  veflels  of  the  leaf 
in  their  retrograde  flate,  by  a fine  tube  or  probofcis,  which  it  pofTeffes, 
and  which  it  may  be  feen  by  a common  lens  perpetually  to  employ, 
as  fhewn  under  its  chin  in  the  magnified  infedt  at  figure  firft  of  plate 
IX.  For  the  fap-juice  or  vegetable  chyle  is  brought  from  the  radi- 
cles of  each  leaf-bud,  and  propelled  up  the  long  caudex  to  the  pulmo- 
nary artery  of  the  leaf,  where  it  becomes  oxygenated,  and  converted 
into  vegetable  blood.  And  may  thus  be  extradted  by  the  tubes  of 
thefe  infedts  before  its  fanguification. 

Perhaps  thofe  aphifes,  which  were  from  eggs,  might  eat  fome  part 
of  the  peach  leaves  during  their  larva  flate,  if  fuch  exifls,  and  occa- 
•fion  them  to  curl  up.  While  thofe,  which  were  a viviparous  progeny, 
might  only  pierce  the  fap-veflels,  or  blood  veflels,  and  thus  not  ap- 
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parently  injure  the  leaves;  as  on  the  nut-trees,  where  perhaps  they 
were  not  hatched  from  eggs,  but  might  have  come  thither  in  their 
winged  ftate,  and  have  then  produced  their  innumerable  viviparous- 
offspring  ; as  on  the  nut-trees  above  mentioned  I could  not  difcerti 
the  eggs,  from  which  they  were  hatched,  and  a few  larger  aphifes 
with  wings  appeared  early  in  the  feafon  amongft  the  fmaller  ones 
without  wings. 

We  may  finally  conjecture  on  this  interefting  fubjeCt,  firft,  that  the 
aphifes  produced  from  eggs  early  in  the  fpring  may  have  a larva  or 
caterpillar  ftate,  and  that  during  that  ftate  they  may  feed  on  the 
young  leaves  of  peaches,  neCtarines,  plums,  and  cherries,  and  thus- 
occafion  them  to  curl  and  die.  2.  That  thofe,  which  are  not  from 
eggs,  have  no  larva  ftate,  and  only  punCture  the  larger  chyle  veffels 
of  the  young  twigs,  or  the  pulmonary  arteries  of  the  leaves,  which 
receive  the  vegetable  fap-juice  from  the  roots,  and  thus  that  they 
fuck  it  up,  and  live  on  it,  before  it  is  converted  into  blood,  as  moths* 
butterflies,  and  bees,  live  on  honey  in  their  winged  ftate,  though  on 
other  parts  of  vegetables,  as  on  their  leaves,  or  anther-duff,  in  their 
larva  ffate  ; and  that  thefe  punCtures  are  attended  with  no  vifible  in- 
jury to  the  leaf.  3.  That  for  a week  or  two  about  Midfummer,  when 
the  umbilical  veffels  of  the  new  buds  convey  the  fap-juice  to  them* 
or  to  the  refervoirs  of  nutriment  preparing  for  them,  that  the  aphifes 
by  piercing  thefe  veffels,  or  the  pulmonary  arteries  of  the  leaves,  ac- 
quire fo  large  a quantity  of  this  faccharine  material,  that  it  paffes 
through  them  almoff  unchanged,  falling  on  the  leaves  and  ground 
beneath  them,  and  produces  what  is  called  the  honey-dew  ; but  that 
this  happens  only  for  a fhort  feafon,  as  a week  or  two  about  Mid- 
fummer, during  the  production  of  the  new  buds.  And  laffly,  that 
the  black  powdery  material  on  the  upper  furface  of  the  leaves  of  the 
nut-trees  and  plum-trees,  and  of  the  fhrubs  which  grow  beneath 
them,  is  an  excrement  from  the  aphifes,  which  hang  on  the  under 
furfaces  of  the  leaves  above  them,  like  the  black  bitter  powder  in  the 
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nut-fhell;  which  is  the  excrement  of  the  curculio,  which  has  eaten 
the  fweet  kernel. 

Secondly,  having  laft  year  written  the  above,  I have  had  ano- 
ther opportunity  of  attending  to  the  aphis  during  the  fummer  of 
1799,  and  (hall  add  the  further  remarks,  which  I have  been  able  to 
make  on  this  mod  curious  and  important  animal,  which  may  in  pro- 
cefs  of  time  deflroy  the  vegetable  world. 

As  the  month  of  June  was  again  in  this  fummer  very  dry,  though 
not  very  warm,  the  aphis  was  propagated  in  immenfe  numbers  on  a 
great  variety  of  trees,  (drubs,  and  herbaceous  plants.  The  row  of 
nut-trees  mentioned  in  No.  1.  7.  of  this  Sedtion  was  infeded  with  a 
greater  number  of  them  this  year  than  in  the  preceding  one  ; yet 
during  the  feafon  about  Midfummer  there  was  fo  little  honey-dew 
this  year,  that  it  might  have  efcaped  obfervation,  if  it  had  not  been 
particularly  attended  to;  yet  what  did  appear  was  only  on  the  upper 
furfaces  of  thofe  leaves,  which  had  other  leaves  impending  over  them 
crowded  with  aphifes ; whence  I had  no  doubt,  but  that  it  was  voided 
by  the  millions  of  aphifes,  which  adhered  on  the  under  furfaces  of 
thofe  fuperior  leaves  with  their  backs  downwards. 

On  examining  them  with  a ftrong  magnifier  I could  frequently 
perceive  them  infert  their  probofcis  or  trunk  into  the  vefiels  of  the 
inferior  furface  of  the  leaf ; and  particularly  obferved,  that  when 
they  were  not  moving  from  place  to  place,  that  they  generally  flood 
with  their  heads  towards  the  foot-flalk  of  the  leaf  of  nut-trees,  or  to- 
wards the  bafe  of  the  twigs  of  plum-trees,  which  circumfiance  I 
(hewed  to  many  of  my  friends. 

Both  before  and  after  the  exigence  of  the  honey-dew  a black  ma- 
terial, which  was  fometimes  moift  and  fometimes  dry,  appeared  on 
the  upper  furfaces  of  thofe  leaves  only,  which  had  other  leaves  crowd- 
ed with  aphifes  over  them,  and  even  on  the  upper  furface  of  the 
leaves  of  fome  herbaceous  plants,  which  grew  under  thele  nut-trees, 
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and  alfo  on  others,  which  grew  under  plum-trees,  which  were 
much  in fe tied  with  an  aphis  of  a greener  colour. 

To  prove  beyond  pofiibility  of  error  that  this  black  matter  was  de- 
je&ed  on  the  leaves  below  by  the  aphifes,  which  were  walking  with 
their  heads  downwards  on  thofe  above,  I fewed  (lightly  with  a needle 
and  thread  under  feveral  leaves  a piece  of  writing  paper  about  the  fiza 
of  the  leaf;  and  obferved  on  the  next  day  that  many  black  marks 
were  didinguifhable  on  the  paper. 

On  plum-trees  and  on  many  herbaceous  plants  innumerable  aphifes 
were  feen  on  the  upper  tender  part  of  the  upright  (hoots,  adhering 
with  their  heads  downwards  ; and  on  the  hanging  (hoots  with  their 
heads  upwards  ; and  inferting  their  probofcis  into  the  veflels,  I fup- 
pofe,  which  contained  the  afcending  fap-juice.  But  on  the  nut-trees 
the  mod:  tender  or  uppermod  parts  of  the  young  (hoots  were  covered 
with  very  numerous  bridles,  which  appeared  to  be  an  armour  pur- 
pofely  produced  to  defend  them  from  thefe  dedru&ive  infedts,  and 
hence  they  were  principally  found  oil  the  under  furfac.es  of  the 
leaves. 

As  the  chyle  of  animals  is  mixed  with  the  venous  blood,  and  is  inv 
mediately  projected  by  the  force  of  the  heart  into  the  pulmonary  ar- 
tery, at  the  extremities  of  which  it  is  principally  converted  into  blood 
by  its  expofure  to  the  air;  fo  in  the  vegetable  fydem  the  fap-juice 
mud  be  mixed  with  the  returning  venous  blood,  and  carried  forwards 
to  the  extremities  of  the  pulmonary  artery  of  the  leaf,  before  it  is 
converted  into  vegetable  blood.  Thefe  pulmonary  arteries  pafs  along 
the  under  furfaces  of  leaves,  as  the  upper  furfaces  of  them  are  cover- 
ed by  the  fine  terminations  of  them  on  an  air-membrane  for  the  pur- 
pofe  of  refpiration  ; hence  on  thefe  under  furfaces  of  leaves  the  aphifes 
adhere,  and  pierce  the  branches  of  the  pulmonary  arteries  with  their 
probofcis  danding  with  their  heads  towards  the  dalk  of  the  leaf,  that 
they  may  thus  meet  the  dreams  of  chyle  or  fap-juice  yet  unchanged 
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into  blood  ; which  accounts  both  for  their  exiding  in  all  kinds  of 
weather  on  the  inferior  fide  of  the  leaves,  and  for  their  ftanding  with- 
their  heads  towards  the  foot-ftalks  of  them.  Thus  on  an  upright 
twig  of  a plum-tree  I this  day  obferved  a number  of  aphifes  adhere 
with  their  heads  downwards  with  their  probofcifes  inferted  into  the 
tender  hem,  and  fo  near  to  each  other,  that  the  tail  part  of  the  lower 
ones  extended  one  third  of  their  length  over  the  head  part  of  thofe 
above  them,  and  gave  fomewhat  the  appearance  of  fcales  ; while  on 
the  hanging  twigs  they  adhered  with  their  heads  upwards,  Fill  intent 
to  meet  the  dreams  of  fap-juice  in  the  afcending  chyle  veflels,  or  in 
the  pulmonary  arteries. 

Dr.  Bradley  and  others  obferve,  that  about  Midfummer  there  ap- 
pears to  be  a paufe  in  vegetation,  and  that  at  this  time  the  new  buds 
are  generated;  and  Duhamel  and  others  found,  that  the  bark  of  fe- 
veral  trees  became  at  this  time  as  eafily  to  be  feparated  from  the  al- 
burnum as  in  the  fpring  ; as  is  related  in  Sedl.  III.  2.  8.  of  this  work. 
At  this  time  therefore  there  exids  a new  flow  of  fap-juice  to  fupply 
prefent  nutriment,  or  to  furnifh  a refervoir  of  future  nutriment  to 
the  newly  generated  or  expedted  embryon,  either  before  or  after  its 
vivification,  or  its  impregnation,  if  fuch  a procefs  may  be  fuppofed  to 
occur  in  the  production  of  buds. 

At  this  time  then,  when  there  exids  a fummer-flow  of  fap-juice, 
this  pernicious  infedt  in  uncounted  millions  pierces  the  fap-veflels 
round  the  new  flioots,  or  the  pulmonary  arteries  beneath  the  leaves  ; 
and  thus  drinks  the  vegetable  chjde,  or  fap-juice,  with  fuch  avidity, 
as  to  part  with  much  of  it  again  almoft"  unchanged.  This  I now 
believe  with  Sauvage  to  be  the  origin  of  one  kind  of  honey-dew  cer- 
tainly ; and  if  another  kind  of  honey-dew  exids,  as  he  mentions, 
where  there  are  no  aphifes,  I fufpedt,  as  obferved  in  No.  1.  7.  of  this 
Sedtion,  that  it  mud  arife  from  the  inverted  adtion  of  the  lymphatic 
veflels  of  the  leaf,  at  the  time  of  the  increafed  quantity  of  fap-juice 
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about  Midfummer  ; but  have  not  had  an  opportunity  to  afcertain 
thefe  fadts. 

Thirdly.  There  appears  to  be  a power  imprefled  on  organized  bo- 
dies by  the  great  author  of  all  things,  by  which  they  not  only  in- 
creafe  in  fize  and  ftrength  from  their  embryon  ftate  to  their  matu- 
rity, and  occafionally  cure  their  accidental  difeafes,  and  repair  their 
accidental  injuries,  but  alfo  a power  of  producing  armour  to  prevent 
thofe  more  violent  injuries,  which  would  otherwife  deftroy  them. 
Of  this  lad;  kind  are  the  poifonous  juices  of  fome  plants,  as  of  atropa 
belladonna,  deadly  nightfliade,  hyofeyamus,  hen-bane,  cynogloffum, 
hounds-tongue.  Other  plants  are  armed  with  thorns  and  prickles 
to  prevent  the  depredation  of  animals,  as  ilex,  holly,  crataegus,  haw- 
thorn, ribes  groftularia,  goofeberry  ; the  leaves  of  which  would  be 
perpetually  devoured  but  for  this  kind  of  protedtion.  Other  plants 
fecrete  a vifeid  juice  to  agglutinate  the  infedts,  which  crawl  up  to- 
wards their  fructification,  as  filene,  catchfly,  drofera,  fun-dew  ; and 
others  by  the  contradlion  of  their  leaves  or  petals  arreft  or  deftroy  the 
infedts,  which  attack  them,  as  dionoea  mufcipula,  and  apocynum  an- 
drofemifolium. 

But  how  can  vegetables  protedt  the  whole  inferior  furfaces  of  their 
leaves,  and  of  their  young  rifitig  ftems  from  the  innumerable  pro- 
geny of  the  deftrudtive  aphis,  which  penetrates  their  chyle  veflels  and 
their  arteries  ; and  which  from  their  immenfe  numbers  may  in  pro- 
cefs  of  time  deftroy  the  vegetable  world.  Many  vegetables  have  not 
yet  acquired  any  means  of  defence,  and  have  therefore  the  firft  growth 
of  their  foliage  much  injured,  or  totally  deftroyed  by  this  deftrudtive 
infedt,  as  the  nedtarine,  and  peach,  and  plum,  and  cherry-trees,  in 
many  parts  of  this  country,  as  is  every  year  feen  and  lamented. 

Some  vegetables  have  neverthelefs  already  acquired  an  armour, 
which  leflens,  though  it  does  not  totally  prevent,  the  injuries  of  this 
animal.  This  is  moft  confpicuous  on  the  ftems  and  floral-leaves  of 
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mofs-rofes,  and  on  the  young  fhoots  and  leaf-ftalks  of  nut-trees. 
Both  thefe  are  covered  with  thickfet  briftles,  which  terminate  in  2I0- 
bular  heads,  and  not  only  prevent  the  aphis  from  furrounding  them 
in  fuch  great  numbers,  and  from  piercing  their  veffels  fo  eafily,  but 
alfo  fecrete  from  the  gland,  with  which  I fufpedt  them  to  be  termi- 
nated, a juice;  which  is  inconvenient,  or  deleterious  to  the  infedf, 
which  touches  it. 

Hence  mofs-rofes  appear  to  be  Iefs  injured  by  the  aphis,  than  other 
rofes,  which  have  lefs  of  this  armour;  and  while  on  plum-trees, 
and  on  many  herbaceous  plants,  they  hang  round  the  upright  young 
fhoots  with  their  heads  downwards,  and  infert  their  trunks,  fo  as 
totally  to  conceal  the  riling  (hoot  ; yet  on  nut-trees,  though  they  are 
feen  in  millions  beneath  the  leaves  on  the  unarmed  parts,  they  never 
appear  round  the  young  fhoots,  nor  on  the  large  trunks  of  the  vef- 
fels beneath  the  leaves,  all  which  have  acquired  a panoply  of  briftles 
with  glandular  heads  to  them,  like  thofe  round  the  mofs-rofe,  but 
without  the  branching  ftrufture  of  the  latter.  While  thofe  plants, 
which  are  not  infefted  with  the  legions  of  this  felf-produftive  animal, 
have  probably  acquired  fome  material  mixed  with  their  fap-juice,  or 
blood,  which  is  poifonous  to  them  ; as  thofe  plants,  which  polfefs  a 
milky  or  a yellow  blood,  as  the  fpurges  euphorbia,  or  the  celandines 
chelidonium,  or  the  fig-tree,  ficus. 

Nor  is  this  more  afton-i  thing,  than  that  the  holly-trees  fhould  an- 
nually fupply  prickles  only  to  their  lower  leaves,  about  fix  or  eight 
feet  from  the  ground,  as  high  as  the  animals  can  reach  them,  which 
would  prey'  upon  them  ; but  refufe  the  expence  of  putting  forth 
prickles  in  their  higher  branches,  which  are  faved  by  their  fituation, 
as  I have  repeatedly  obferved  on  the  numerous  holly-trees,  which 
are  the  ornament  of  Need  wood  foreft. 

From  hence  I fufpeft,  that  another  reafon,  why  the  leaves  of  nut- 
trees  and  of  rofe-trees  are  not  curled  up  or  bliftered  like  thofe  of 
nectarines,  peaches,  plums,  and  cherries,  is  becaufe  their  foot- ftaiks, 
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and  the  larger  branches  of  the  pulmonary  arteries,  are  defended  by 
thefe  brillles,  which  are  perhaps  only  beginning  to  appear  on  the 
leaf-flalks  of  the  plum,  but  which  may  increafe  in  the  progreffion 
of  time;  as  all  the  works  of  nature  may  be  approaching  to  greater 
perfection,  as  mentioned  more  at  large  in  No.  2.  of  the  lafl  Sedlion 
©f  this  work. 

Fourthly.  The  means  of  deftroying  an  infed  fo  extenfively  inju- 
rious not  only  to  gardens  and  hot-houles;  but  to  half  the  vegetable 
world,  would  be  indeed  a valuable  difcoverv.  If  the  eggs  exift  on 
the  young  buds,  as  Dr.  Richardfon  affirms,  fome  application  to  thefe, 
before  they  are  hatched,  which  might  diffiolve  their  ffiells,  as  by  very 
dilute  marine  acid  inje&ed  on  them  ; or  by  fome  adbefive  material, 
which  might  invifcate  them  as  foon  as  they  are  hatched,  whether 
they  appear  firfl  in  their  larva  hate,  like  minute  caterpillars,  or  in  the 
form  of  the  parent  aphis,  as  foap-fuds  inje&ed  on  the  twigs  before  the 
leaves  begin  to  unfold  ; or  perhaps  by  rubbing  them  with  oil  or  glue 
by  means  of  a fponge,  or  a painter’s  bruffi  ; but  experiments  alone 
can  determine  the  effedl  of  thefe  applications,  both  on  the  infeCl  and 
on  the  tree. 

Lime  water  alone  will  not  readily  deflroy  the  aphis,  as  I obferved 
by  immerfing  leaves  with  aphifes  on  them  ; which  crept  up  the 
leaves,  and  thus  efcaped.  But  if  pot-affi,  or  fixed  alkali,  be  mixed 
with  lime,  the  folution  becomes  focauftic  as  to  deflroy  many  infeCls 
without  injuring  the  foliage  of  trees,  or  the  flems  of  wheat,  if  we 
may  credit  M.  Socoloff,  who  in  the  tranfaClions  of  an  Academy  at 
Peterfbnrgh,  Vol.V.  aflerts,  that  he  added  three  parts  of  quick-lime 
newly  made  to  two  parts  of  a faturated  folution  of  fixed  alkali  in  wa- 
ter ; which  poured  on  the  ground  deflroyed  the  earth-worms,  and 
fprinkled  on  the  leaves  of  trees  deflroyed  the  caterpillars,  but  did  not 
injure,  or  much  injure  the  foliage  of  trees,  or  the  leaves  of  wheat 

Tar  water  has  lately  been  faid  to  deflroy  flugs.,  white  fnails  with- 
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out  £hells,  and  might  be  worthy  a trial  by  injecting  it  on  trees  at 
fir  ft  with  caution,  left  it  fhould  injure  them  ; as  it  is  probably  the 
vegetable  acid  chiefly,  with  a fmall  portion  of  eflential  oil,  which  is 
diflolved,  or  mixed  with  the  water,  by  agitation.  See  No.  3.  5.  of  this 
Section. 

Previous  to  the  pullulation  of  the  buds,  it  is  alfo  believed  to  be  of 
great  fervice  to  water  wall-trees  with  lime-water,  or  with  foap-fuds, 
or  perhaps  with  the  addition  of  fome  pot-afh  to  either  of  them  to 
make  a more  cauftic  ley,  fuch  as  is  recommended  for  fteeping  feed- 
wheat  ; but  this  with  caution,  as  I have  known  a folution  of  hepar 
fulphuris  kill  the  branches  of  a tree,  which  were  moiftened  with  it, 
as  well  as  the  infefls,  which  were  upon  it.  Nor  am  I certain  that 
this  will  anfwer  the  purpofe  from  the  obfervations  I have  heard  from 
thofe,  who  have  tried  it. 

The  eflential  oils  are  all  deleterious  to  certain  infers,  and  hence 
their  ufe  in  the  vegetable  economy,  being  produced  in  flowers  or 
leaves  to  prote<5l  them  from  the  depredations  of  their  voracious  ene- 
mies. One  of  the  eflential  oils,  that  of  turpentine,  is  recommended 
by  M.  de  Thofle  for  the  purpofe  of  deftroying  infedls,  which  infect 
both  vegetables  and  animals.  Having  obferved  that  the  trees  were 
attacked  by  multitudes  of  fmall  infedls  of  different  colours  (pucins 
ou  pucerons),  which  injured  their  young  branches,  he  deftroyed  them 
all  entirely  in  the  following  manner.  He  put  into  a bowl  a few  handfuls 
of  earth,  on  which  he  poured  a fmall  quantity  of  oil  of  turpentine  ; he 
then  beat  the  whole  together  with  a fpatula,  pouring  on  it  water,  till 
it  became  of  the  conflftence  of  foup  ; with  this  mixture  he  moiftened 
the  ends  of  the  branches,  and  both  the  infedls  and  their  eggs  were 
deftroyed,  and  other  infers  kept  aloof  by  the  fcent  of  the  turpentine. 
He  adds,  that  he  deftroyed  the  fleas  of  his  puppies  by  once  bathing 
them  in  warm  water  impregnated  with  oil  of  turpentine.  Mem. 
d’Agriculture,  An.  1787,  Printemp.  p.  109. 

1 fprinkled  fome  oil  of  turpentine  by  means  of  a brufh  on  fome 
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branches  of  a nedlarine-tree,  which  was  covered  with  the  aphis  ; but 
.it  killed  both  the  infect  and  the  branches.  A folution  of  arfenic  much 
diluted  did  the  fame.  Might  not  the  fcent  of  turpentine,  or  of  tar, 
fmeared  on  a fruit- wall  deter  the  flies  from  approaching  the  trees  to 
depofit  their  eggs  ? or  might  not  arfenic  mixed  with  honey  be 
fmeared  on  the  wall,  to  which  the  trees  are  nailed,  be  likely  to  at- 
tract the  aphis  as  well  as  other  kinds  of  flying  infedts.  But  none  of 
thefe  fhould  be  fmeared  on  the  branches,  left  it  injure  or  deftroy  the 
tree.  Perhaps  if  a few  twigs  fmeared  with  turpentine,  mixed  with  a 
little  oil  of  turpentine  to  make  it  more  fluid,  and  to  increafe  its  odour, 
were  fixed  in  quince-trees,  or  in  apple-trees,  the  flowers  of  which 
are  liable  to  be  deftroyed  by  the  eggs  depofited  in  them  by  a fmall 
fly;  they  might  be  deterred  from  approaching  the  tree,  as  the  great 
nfe  of  efiential  oils,  which  caufe  the  fragrance  of  flowers,  feems  to 
be  to  deter  infedls  from  infefting  their  leaves,  or  preying  upon  their 
honey. 

It  is  probable,  that  if  infufions  were  made  in  hot  water,  or  perhaps 
for  a longer  time  in  cold  water,  of  thofe  leaves  which  no  infedts  de- 
vour ; as  of  the  walnut,  juglans;  lauro-cerafus,  laurel;  foxglove, 
digitalis;  hen-bane,  hyofcyamus ;.  hounds-tongue,  cynogloflum  ; 
rag- wort,  fenecio  jacobaea  ; or  of  tobacco,  nicotiana  ; and  many 
others;  and  were  fprinkled  on  the  curled  leaves  of  wall-trees,  or  on 
the  buds  before  they  open,  by  a pump,  or  by  a brufh,  or  fponge ; 
they  might  deftroy  the  infedts  without  injuring  the  trees,  which 
might  be  determined  by  a few  experiments. 

The  dull:  of  tobacco  is  frequently  fpread  on  affedted  leaves,  but  not 
I believe  with  very  encouraging  fuccefs,  owing  perhaps  to  the  powder 
not  being  very  fine,  or  not  foon  enough  applied.  Some  kinds  of  lime 
ftrewed  on  in  powder  might  probably  be  too  cauftic,  and  deftroy  the 
leaf  along  with  the  infedts  ; which  alfo  might  be  fubjedted  to  experi- 
ment. The  powder  of  lolphur,  or  of  tobacco,  or  of  any  of  the  poi- 
lonous  leaves  above  mentioned,  might  be  injedted  upon  affedted  trees 
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by  a powder-puff,  fuch  as  hair-dreffers  ufe,  or  the  frnoke  of  tobacco, 
or  of  any  other  of  the  poifonous  leaves  above  mentioned,  might  be 
forcibly  blown  on  them  by  an  adapted  pair  of  bellows,  as  the  frnoke 
•of  many  of  them  may  poffefs  as  poifonous  a quality  as  that  of  to- 
bacco ; and  even  the  ffeam  of  a decobtion  of  others,  as  ol  lauro-cera- 
fus,  and  walnut ; the  poifon  of  the  former  of  which  is  known  to  rife 
in  diffillation,  might  probably  be  ufed  with  effebt  ; but  this  mud;  de- 
pend on  the  greater  or  lefs  fixity  of  their  effential  oils.  The  frnoke 
or  fleam  might  be  applied  to  wall-trees  by  previoufly  fu  (pending  over 
them  a large  fheet  of  matting,  or  of  linen,  or  of  paper,  or  an  old 
carpet;  but  may  however  be  ufed  with  greater  advantage  in  hot- 
houfes,  than  in  the  open  air. 

Sinee-the  above  was  written  I direbled  in  the  early  fpring  of  this 
year  one  neblarine-tree  to  be  moiflened  with  tar- water,  and  parts  of 
the  wall  to  be  fmeared  with  tar;  another  to  be  moiflened  with  lime 
and  pot-afh  diffolved  in  water;  a third  with  foap-fuds  and  lime  added 
to  them;  and  many  both  neblarine  and  peach-trees  with  foap-fuds 
alone.  This  was  done  by  means  of  a brufh  before  any  flowers  ap- 
peared, and  was  repeated  thrice  on  different  days;  but  to  my  great 
difappointment,  when  the  leaves  appeared,  they  became  affebled  with 
the  aphis  as  on  former  years.  I alfo  afterwards  dipped  many  nut- 
leaves  crowded  with  the  aphis  in  ffrong  infufion  of  tobacco,  for  a few 
minutes,  as  the  leaves  hung  on  the  trees  without,  as  I believed,  de- 
flroying  the  infebls  ; though  fome  of  them  appeared  for  a time  to  be 
rendered  torpid. 

Neverthelefs  on  covering  a low  nut-tree  wfith  fome  fheets  of  brown 
paper  fewed  together,  and  throwing  the  frnoke  of  tobacco  under  it 
from  a proper  pair  of  bellows,  great  numbers  of  aphifes  were  killed, 
many  of  which  dropped  from  the  upper  leaves  on  thofe  below  them, 
and  many  adhered  motionlefs  to  the  under  lurfaces  of  the  leaves.  The 
fine  powder  of  tobacco  called  Scotch  fnuff  fprinkled  on  the  aphifes 
by  turning  up  fome  of  the  leaves  quickly  deflroyed  them. 
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As  walnut-leaves  may  be  had  in  great  quantity  in  the  autumn,  and 
the  whole  plant  of  fenecio  jacobasa,  rag-wort,  at  any  time,  both  which 
are  probably  deleterious  to  infects,  as  they  feem  never  to  be  injured 
by  them,  thefe  might  be  procured  at  fmall  expence,  and  might  pro- 
bably, when  dried  and  burnt,  produce  a fmoke  equally  dedruCtive 
to  them. 

Fifthly.  The  mod  ingenious  manner  of  deftroying  the  aphis  would 
be  effe&ed  by  the  propagation  of  its  greated  enemy,  the  larva  of  the 
aphidivorous  fly  ; of  which  I have  given  a print,  and  which  is  faid  by 
Xeaumeur,  Tom.  III.  Mem.  9.  to  depofit  its  eggs,  where  the  aphis 
abounds  ; and  that,  as  foon  as  the  larvae  are  produced,  they  devour 
hundreds  around  them  with  the  neceffity  of  no  other  movements  but 
by  turning  to  the  right  or  left,  ar  reding  the  aphis  and  fucking  its  juices. 
If  thefe  eggs  could  be  colleCted  and  carefully  preferved  during  the 
winter,  and  properly  difpofed  on  nectarine  and  peach-trees  in  the  early 
fpring,  or  protected  from  injury  in  hot-houfes  ; it  is  probable,  that 
this  plague  of  the  aphis  might  be  countera&ed  by  the  natural  means 
of  devouring  one  infeCt  by  another ; as  the  ferpent  of  Mofes  devour- 
ed thofe  of  the  magicians. 

Mr.  Horrocks  of  Derby  (hewed  me  this  larva  of  the  aphidivorous 
which  1 faw  devour  two  or  three  aphifes,  and  Mr.  Swanwick  of 
this  town  at  my  requed  made  an  accurate  drawing  both  of  the  larva 
and  fly,  which  he  kindly  favoured  me  with,  accompanied  with  the 
following  note. 

“ On  Augud  the  4th  Mr.  Horrocks  obligingly  fent  me  an  aphidi- 
vorous larva  in  a box  on  a leaf  of  a plum-tree,  on  which  were  a 
number  of  aphifes  ; and  I had  almod  immediately  the  pleafure  of  fee- 
ing it  eat  one. 

“ The  method  of  taking  his  prey  is  thus  r he  is  like  the  floth  in 
his  difpofition,  for  he  does  not  ramble  about,  while  he  has  food  around 
him.  He  only  lifts  up  his  head,  and  flrikes  it  down  again,  extending 
it  in  various  directions,  as  if  he  was  blind,  and  repeating  the  above  ac- 
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tion.  If  by  fo  doing  he  happens  to  feel  an  aphis,  he  immediately  feizes 
it  by  the  hack,  lifts  it  up  and  poifes  it  in  the  air,  as  if  to  prevent  it 
from  liberating  itfelf  by  its  ftruggles  again  ft  the  furface  of  the  leaf,  or 
that  it  may  fall  more  eafily  into  the  cavity  of  his  mouth.  In  this  po-> 
fition  he  holds  it,  while  he  pierces  it,  and  lucks  the  juice  out  of  the 
body  ; which  having  done,  he  drops  the  Ikin,  licks  his  lips  round 
with  his  little  black  tongue,  contracts  his  head,  and  drops  it  down  ; 
thus  refting  in  perfect  repofe  for  fome  time,  after  which  he  repeats  the 
fame  aftions.  But  if  he  is  in  the  midft  of  plenty,  he  feldom  gives 
himfelf  this  trouble,  but  waits  till  an  aphis  touches  him,  when  he 
immediately  turns  his  head  round,  and  with  fatal  certainty  feizes  him, 
poizing  him  as  before. 

“ For  the  purpofe  of  feeing  what  fly  was  produced  from  this  cater- 
pillar, I procured  him  food  for  about  ten  days.  During  this  time  he 
eat  a great  number  of  aphifes,  and  grew  to  about  an  inch  in  length  ; 
when  he  left  off*  eating,  contra&ed  himfelf  to  about  half  his  former 
length,  fixed  himfelf  to  the  box  by  a little  gluten,  which  he  difcharg- 
ed  from  his  mouth,  and  without  cafting  a Ikin  changed  to  a chry- 
falis. 

“ In  this  ftate  he  lay  about  ten  or  eleven  days,  at  the  end  of  which 
time  he  burft  his  cell,  and  came  out  a beautiful  fly,  of  which  the 
figure  is  a good  reprefentation.” 

No.  1.  The  caterpillar  with  an  aphis  in  his  mouth. 

No.  2.  The  chryfalis  open  at  one  end. 

No.  3.  The  fly. 

Another  enemy  to  the  aphis  is  faid  to  be  a beautiful  fmall  fpotted 
beetle,  called  a lady-bird  by  the  people.  Several  of  thefe  were  feea 
on  the  nut-leaves,  and  are  believed  firft  to  appear  there  in  their  larva 
ftate,  and  to  feed  on  the  aphis;  they  then  change  to  a chryfalis,  and 
laftly  to  a fmall  wing-Iheathed  beetle  ; and  finally,  I fuppofe,  they 
bore  holes  into  the  earth,  as  would  appear  from  their  poflefiing 
Iheaths  to  their  wings,  and  that  they  there  depofit  their  eggs  to  be 
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hatched,  and  to  climb  the  trees  infefled  with  the  aphis  in  the  enfuing 
ipring. 

Thus  from  the  exertions  of  a few  aphidivorous  larvae  or  caterpil- 
lars, from  the  poifonous  juices  of  fome  plants,  and  from  the  briitly 
armour  on  the  young  twigs  and  leaves  of  others,  the  vegetable  world 
is  fo  far  protected  from  the  definition,  with  which  it  has  been,  and 
is  threatened,  by  the  fine  probofcis  of  this  multitudinous  infedl,  which 
in  its  manner  of  attack  refembles  that  of  the  large  bat  of  Afia,  vef- 
pertilio-vampyris ; which  is  afferted  by  Linneus  to  drink  the  blood 
by  night  of  fervants,  who  deep  in  the  open  air,  Sy ft.  Natur.  p.  46  ; 
and  is  faid  by  others  to  be  fo  fkilful  an  operator  as  not  to  wake  the 
patient  by  the  pundlure,  which  it  indidls,  as  it  agreeably  fans  them 
with  its  wings. 

3.  Many  of  the  orchards  of  apple- trees  in  this  country  are  liable  to 
lofe  all  their  leaves  by  the  depredations  of  caterpillars  ; the  fame  oc- 
curs to  goofeberry-trees  in  fome  gardens,  and  to  cabbages  in  the  latter 
part  of  the  fummer. 

A few  years  ago  I obferved,  that  the  bloffoms  of  the  quince-tree, 
before  they  were  quite  expended,  were  perforated  by  a fly;  as  the 
wound  could  be  eafiiy  difcerned  like  that  on  young  nuts,  when 
wounded  by  the  curculio  ; and  all  the  bloffoms  of  a large  tree  were 
thus  deflroyed  by  a fmall  caterpillar.  And  in  this  late  fummer  of 
1799  the  apple-bloffoms  in  this  country  are  much  injured  by  a cater- 
pillar, which  eats  the  feed  in  the  pericarp  of  each  bloffom  either  be- 
fore or  at  the  time  of  its  impregnation,  the  petals  of  the  flower  clof- 
ing  again  over  it  and  dying. 

The  leaves  of  many  trees  are  renewed  after  having  been  totally  de- 
flroyed in  the  early  part  of  the  feafon  ; as  thofe  of  the  apple-tree  above 
mentioned,  which  had  loft  its  leaves  entirely  by  lightning;  as  the 
mulberry-trees  in  Italy,  which  are  thus  robbed  of  their  firil  leaves  to 
feed  filk-worms,  as  the  tea-tree  in  China,  which  is  thus  robbed  fora 
fafhionalle  potation.  And  laflly,  as  the  euonymus,  or  fpindle-tree, 
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'which  in  this  country  has  its  fir  ft  crop  of  leaves  almoft  perpetually 
deftroyed  by  caterpillars.  But  though  the  leaves  are  reftored  after  the 
depredation  of  this  infecft,  yet  there  follows  an  irremediable  injury  to 
the  fruit.  See  Se6t*  IX.  2,  6. 

As  the  eggs  of  butterflies  are  in  the  autumn  wifely  depofited  in 
fituations,  where  the  young  can  find  proper  food,  when  they  are 
hatched  by  the  warmth  of  the  fpring  ; thofe  on  apple-trees,  and 
on  goofeberry -trees,  are  frequently  depofited  on  the  leaves,  as 
well  as  on  other  parts  of  the  tree  ; and  as  thefe  leaves  fall  on  the 
ground,  the  eggs  are  thus  covered  and  protected  from  the  frofts,.  and 
the  young  caterpillars  are  believed  to  climb  the  trees  in  fearch  of  their 
food.  If  this  be  true,  it  would  be  an  advantageous  practice  to  rake 
together  the  leaves  in  orchards*  and  to  burn  them  ; which  fome  have 
done  from  an  idea,  that  the  fmoke  thus  produced  was  noxious  to 
the  eggs  of  infedts  depofited  on  the  branches^ 

Some  gardeners  for  this  purpofe  rear  their  goofeberry  trees  on  one 
Hem  only ; and  believe,  that  by  tying  a fringe  round  this  ftem  the 
infedls,  which  are  hatched  in  the  foil,  if  fuch  there  be,  can  not  climb 
up  the  tree  thus  furrounded  with  a fringe  ; and  as  thofe  caterpillars,, 
which  are  already  on  the  tree,  let  themfelves  down  by  a thread,  when 
the  tree  is  fhaken,  from  the  fear  of  being  hurt  by  the  vibrating  twigs  ; 
if  this  thread  be  then  broken,  by  moving  a ftick  round  under  the  tree* 
thefe  infects  cannot  reafeend.  A paper  recently  tarred  on  the  outfide 
might  be  wrapped  round  the  ftem  of  the  tree  itiftead  of  the  fringe 
with  perhaps  more  certain  fuccefs ; but  the  tar  fhould  not  be  fmeared 
on  the  bark  of  the  tree,  left  it  fhould  injure  or  deftroy  it. 

It  may  be  obferved  in  the  choice  of  apple-trees,,  that  thofe  kinds,, 
which  flower  early,  are  lefs  liable  to  the  depredation,  of  infedts  ; and 
thofe,  which  flower  late,  are  lefs  liable  to  the  injuries  of  froft.  In  ap- 
ple-trees perhaps  the  former  is  in  fome  fituation  the  greater  evil,  but 
in  pears  1 fhould  fufpedt  the  latter,  the  bloffoms  of  which  are  fo  of- 
ten totally  deftroyed  by  one  night’s  froft. 
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The  white  butterflies,  which  depofit  their  eggs  on  cabbage  plants, 
are  feen  flying  about  awkwardly  in  fummer,  and  fhould  be  caught, 
and  deftroyed  by  the  gardener.  Or  they  perhaps  might  be  invited 
and  poifoned  by  a mixture'  of  honey,  and  water,  and  arfenic  ; as  a 
wealthy  man  in  Italy  was  faid  to  have  poiloned  his  neighbour’s  bees. 
See  Sed.  VI.  6.  3.  Thefe  cabbage-caterpillars  would  increafe  in  de- 
ftrudive  numbers,  but  are  half  of  them  annually  deftroyed  by  a fmall 
ichneumon  fly  ; which  depofits  its  own  eggs  in  their  backs,  which 
are  there  hatched  by  the  warmth  of  the  animal,  and  live  on  the  filk 
there  fecreted  for  its  future  neft  ; and  eroding  their  way  out  fpin 
fmall  cacoons  of  their  own  ; ten  or  twelve  of  which  hang  on  each 
caterpillar;  which  thus  perithes  inftead  of  changing  into  a butterfly. 
This  I faw  happen  to  a great  many  of  them,  which  were  put  into  a 
box  on  bran  with  a few  cabbage  leaves,  and  covered  with  gauze,  a 
few  days  before  they  were  ready  to  change  into  chryfolifts.  This 
ichneuman  fly  ftiould  therefore  be  encouraged,  if  his  winter  habita- 
tion could  be  difcovered. 

4.  The  variety  of  infects,  which  infeft  hot-houfes,  as  the  acarus, 
thrips,  aphis,  and  cocci,  and  the  means  commonly  ufed  to  deftroy 
them  by  the  fmoke  of  tobacco,  or  by  the  powder  of  fulphur  and  to- 
bacco, or  by  folutions  of  lime  and  fulphur,  are  defcribed  in  Speechly’s 
books  on  the  Vine  and  Pine  ; but  require  fome  caution  in  their  ap- 
plication. A friend  of  mine,  by  fubjeding  a wall-tree  to  the  fmoke 
of  fulphur  by  hanging  a matt  before  it  during  the  fumigation,  killed 
both  the  infeds  and  the  tree. 

5.  Other  kinds  of  infeds  are  produced  beneath  the  foil,  or  occa- 
fionally  retire  into  terreftrial  habitations.  Of  thefe  are  the  various 
families  of  fnails,  with  and  without  (hells,  and  other  infeds  with 
(heaths  over  their  wings,  with  which  they  are  furniftied  to  prevent 
any  injury  from  the  fridion  of  the  fides  of  the  holes  they  make  or 
defcend  into. 

It  has  been  lately  fuppofed,  that  the  great  deftrudion  of  the  crops 
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of  turnips,  which  occafionally  Occurs,  is  owing  to  the  depredation  of 
a white  hug,  or  fnail,  which  comes  out  of  the  foil  before  fun-rife  in 
dewy  mornings ; and  that  by  rolling  the  young  turnips  with  a heavy 
roller  before  fun-rife  for  a few  mornings,  thefe  pernicious  infe&s  may 
be  deftroyed,  and  add  manure  to  the  rifing  plants  they  have  injured. 

The  white  (lugs  in  gardens  are  very  deftru&ive  to  many  flower- 
ftems,  as  they  rife  out  of  the  ground,  as  to  dictamnus  fraxinella, 
apocynum  androfemifolium,  to  phafeolus,  kidney-bean,  to  cinara, 
artichoke,  and  many  other  plants.  1 well  remember  in  one  feafon 
favourable  to  their  production  in  a garden  by  the  fide  of  the  Derwent 
oblerving,  that  many  artichoke  items  above  a foot  high  were  eaten 
by  them  near  the  moift  earth  till  they  fell  down,  like  trees  felled  by 
the  ax.  It  has  lately  been  afferted,  that  watering  the  ground  with 
tar-water  will  deftroy  them  ; which  may  be  made  by  adding  a few 
pounds  of  tar  to  a hogfhead  of  water,  and  well  ftirring  it,  without 
perceptible  injury  to  the  tar.  A circle  of  lime  round  the  flower- 
flems,  or  of  fait,  or  even  of  bran  in  dry  weather,  are  means  of  pre- 
venting the  approach  of  (lugs  ; and  fome  gardeners  lay  a board  lightly 
on  the  ground  between  the  alleys,  under  which  the  flugs  hide  them- 
felves  when  the  fun  rifes,  and  are  hence  eafily  caught  and  deftroyed. 

The  leaves  of  the  young  turnip  are  alfo  believed  to  be  deftroyed  by 
a fly  ; which,  if  it  be  of  the  fcarabaeus,  or  beetle  kind,  which  arifes 
out  of  the  earth,  may  likewife  be  deftroyed  by  rolling.  The  Chi- 
nefe  are  faid  by  fir  G.  Staunton  to  deep  all  their  feeds  in  liquid  ma- 
nure until  they  fwell,  and  their  germination  begins  to  appear  ; which 
they  believe  not  only  haftens  the  growth  of  the  plants,  but  alfo  de- 
fends them  againft  infedts  beneath  the  foil ; and  that  to  this  fir  George 
obferves  it  may  be  owing,  that  the  Chinefe  turnips  efcape  the  fly  lo 
injurious  to  them  in  this  country.  Embafiy  to  China,  8vo  edit. 
Vol.III.  p.310.  An  oblervation  of  Mr.  Guillet  in  the  Bath  Agri- 
culture, Vol.  II.  Art.  44,  feems  to  confirm  this  idea.  He  aflerts,  that 
when  turnip  feed  is  fown  during  rain,  or  has  rain  immediately  after- 
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wards,  that  the  firft  leaves  are  fo  vigorous  that  the  fly  never  attacks 
them  ; or  that  the  rain  itfelf  is  fo  inconvenient  to  the  fly,  as  to  pre- 
vent its  appearance.  It  is  alfo  afferted  by  Mr.  Exeter  in  the  Tran- 
fabtions  of  the  London  Society  for  Arts,  Vol.XVI.  p.  191,  that  the 
flowing  turnips  in  drills  deeper  than  by  broad  caft,  accelerates  the 
growth  of  the  plant  by  giving  it  more  moiflure;  whence  it  flooner 
puts  forth  its  rough  leaves,  and  eflcapes  the  depredations  of  the  fly. 
He  flpeaks  highly  of  the  ufle  of  the  drill,  advifles  the  rows  to  be  one 
foot  diftant,  ufes  three  quarters  of  a pound  of  feed  to  an  acre,  and 
flows  them  from  one  inch  and  a half  to  two  inches  deep. 

6.  The  great  numbers  and  varieties  of  animated  beings,  which 
live  under  the  foil,  and  fleep  in  winter,  defcending  beneath  the  reach 
of  frofl:,  is  truly  aftoiiifhing.  I once  obferved  fuch  immenfe  num- 
bers of  fmall  wing-fheathed  infebts,  which  I believed  to  be  the  fca- 
rabaeus  folftitialis,  or  fern-chaffer,  as  they  were  not  one  fixth  part  of 
the  fize  of  a May-chaffer,  fcarabaeus  melolontha,  though  much  of  the 
fame  form  and  colour;  which  arofe  out  of  the  ground  near  the  cold 
bath  at  Lichfield,  that  I guefled,  that  one  or  two  emerged  from  every 
fquare  inch  of  many  acres  of  land. 

The  grubs  or  maggots,  from  which  thefe  wing-fheathed  flies  arofe, 
I fufpebt  in  fome  feaions  and  fituations  favourable  to  their  produbtion 
to  be  very  deffrubtive  to  the  wheat  in  fpring,  or  the  early  part  of 
fummer,  devouring  the  Idem  near  the  furface  of  the  ground  at  the 
joint,  which  is  fweet,  till  it  falls  down  or  withers,  by  which  many 
crops  were  nearly  defrroyed  this  year,  i 797,  and  that,  I was  inform- 
ed, on  fome  lands,  which  had  been  previoufly  well  limed. 

Mr.  Tull  in  his  hufbandry,  fpeaking  of  wheat,  advifles  not  to  flow 
it  deeper  than  an  inch,  fince  the  thread  or  caudex,  which  connebts 
the  lower  or  feminal  root  with  the  upper  or  coronal  root,  he  believes 
to  be  then  not  fo  readily  found  by  worms  in  the  winter,  as  one  three 
inches  long  might  be,  both  on  account  of  the  greater  length  of  the 
9 latter, 
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latter,  and  becaufe  infedts  do  not  rife  fo  near  the  furface  in  the  win- 
ter months. 

Where  this  peftilential  grub  occurs,  perhaps  rolling  the  land  early 
in  the  mornings  in  the  fpring  might  crufh  them.  And  when  the  fly 
is  feen  to  come  out  in  fuch  abundance  in  the  fummer  evenings  on 
grafs  land  or  fallows,  it  is  probable,  that  rolling  the  ground  in  the 
evening  might  prevent  the  return  into  the  earth  both  of  thefe  and  of 
the  May-chaffers  to  depoflt  their  eggs,  and  thus  prevent  their  future 
progeny;  or  during  their  grub  ffate,  when  they  exift  at  the  roots  of 
wheat  above  or  juft  beneath  the  furface  of  the  foil,  perhaps  flaked 
lime  might  be  fprinkled  over  the  crop  in  powder,  or  fea-falt  in  pow- 
der, which  might  be  wafhed  down  the  ftems  of  the  corn  in  a wet 
day,  and  deftroy  the  infect  without  injuring  the  vegetable  ; or  laftly, 
by  tar- water ; all  which  might  be  firft  tried  on  a fmall  part  of  a field; 
for  as  lime  is  not  all  of  equal  purity,  it  is  not  all  of  the  fame  ftrength 
or  caufticity. 

Another  infedt  is  faid  to  injure  wheat  when  in  flower,  and  is  fup- 
pofed  to  be  the  thrips  phyfapus  of  Linneus,  as  mentioned  in  the 
tranfaclions  of  the  Linnean  Society,  Vol.  III.  But  as  it  only  attacks 
the  late  flowering  ftems,  it  may  poffibly  be  prevented  by  fowing  the 
wheat  early,  if  it  fhould  ever  become  a ferious  evil. 

Some  time  ago  an  infedl  called  a corn-butterfly  committed  great 
ravages  in  France  while  in  its  vermicular  ftate,  fo  as  to  ruin  two  hun- 
dred parifhes.  A cure  for  it  was  at  length  dilcovered,  which  con- 
fifted  in  drying  the  wheat  in  an  oven  before  fowing  it,  and  thus  ex- 
pofing  it  to  fuch  a degree  of  heat  as  would’deftroy  the  eggs  of  the 
infedt  without  injuring  the  feed;  or  perhaps  which  hatched  them 
without  fufficient  moifture  to  foften  the  grain  for  their  fupport.  See 
Encycl.  Britan.  Agricult. 

Between  Chefterfield  and  Plaifly  in  Derbyfhire  I well  remember 
above  forty  years  ago  to  have  feen  for  two  or  three  miles  together 
every  leaf  of  the  hedges  devoured  by  the  May-chaffers,  fcarabaeus 
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melolontha,  which  hung  on  each  other,  where  the  foliage  was  de- 
ftroyed,  like  bees  in  a (warm.  And  to  have  found  in  the  fame  year, 
as  it  lay  dead  in  a held  near  Cheflerheld,  a true  locuft,  like  a very 
large  grafs-hopper  with  very  long  and  broad  wings;  which  I pre- 
ferved  in  fpirits,  and  was  informed,  that  many  of  them  were  found 
in  other  parts  of  England  about  the  fame  time. 

All  thefe  noxious  animals  might  be  deftroyed  or  diminifhed  by 
encouraging  the  breed  of  fmall  hedge-birds,  and  perhaps  of  larks,  and 
of  rooks,  by  not  taking  their  nefts.  I have  obferved,  that  houfe  fpar- 
rows  deftroy  the  May-chaffer,  eating  out  the  central  part  of  it ; and 
am  told  that  turkeys  and  rooks  do  the  fame;  which  I thence  con- 
clude might  be  as  grateful  food,  if  properly  cooked,  as  the  locufts  or 
termites  of  the  eaft.  And  probably  the  large  grub,  or  larva  of  it, 
which  the  rooks  pick  up  in  following  the  plow,  is  as  delicious  as  the 
grub  called  groogroo,  and  a large  caterpillar,  which  feeds  on  the  palm; 
both  of  which  are  roafted  and  eaten  in  the  Weft  Indies.  The  various 
fpecies  of  linnets  carry  fmall  caterpillars  to  their  gaping  young  ; and 
hedgehogs  are  faid  to  devour  fnails,  and  on  that  account  to  be  profit- 
ably kept  in  gardens. 

When  a fevere  froft  occurs,  before  the  ground  is  covered  with 
fnow,  thofe  infebls,  which  do  not  penetrate  deeply  into  the  earth  dur- 
ing their  hybernation,  as  the  fhell- lefts  fnails  or  flugs,  are  liable  to 
be  deflroyed,  and  probably  many  of  the  larvae  of  the  fern-chaffer  and 
May-chaffer,  as  is  feen  by  their  diminifhed  numbers  in  the  enfuing 
leafon. 

In  China  the  aurelia  of  the  filk-worm,  after  the  filk  is  wound  off, 
and  the  white  earth-grub,  and  the  larva  of  the  fphinx  moth,  furnifh 
articles  at  the  table,  and  are  faid  to  be  delicious.  Embaffy  to  China. 
Neverthelefs  all  the  caterpillar  tribes  may  not  be  equally  innocuous  ; 
as  in  this  climate  the  hairy  caterpillars,  if  laid  between  the  fingers, 
where  the  fkin  is  tender,  I have  obferved  to  produce  an  itching,  and 
leave  fome  of  their  pointed  briftles  in  the  fkin.  And  M.  Vaillant, 
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in  his  travels  in  Africa  from  the  Cape,  aflerts,  that  both  a black  and  a 
white  hairy  caterpillar  becomes  fo  poifonous,  when  it  feeds  on  a large 
euphorbia,  that  the  natives  put  them  in  bags,  bruife  them,  and  after 
a few  days  poifon  their  arrows  with  them.  But  that  they  are  lei's 
poifonous  if  they  feed  on  lefs  acrid  vegetables. 

There  muft  be  great  difficulty  in  deftroying  the  larvae,  or  grubs, 
or  caterpillars,  of  many  inle&s,  which  are  injurious  to  the  fruits  and 
kernels,  as  well  as  to  the  foliage  of  plants,  by  any  chemical  mix- 
tures ; as  in  this  Bate,  I fuppofe,  fome  of  them  are  uncommonly 
hardy  or  tenacious  of  life.  Mr.  Gouch  affirms,  that  he  kept  the  cur- 
culio  nucum,  or  worm  found  in  nuts,  in  brandy  for  feventeen  hours, 
which  recovered  ; and  I remember  putting  a worm,  which  came 
from  a perfon,  who  called  it  an  afearis,  though  it  was  above  an  inch 
long,  and  nearly  as  thick  as  a thin  crow-quill,  into  a faturated  folu- 
tion  of  fugar  of  lead  in  water ; which  lived  many  hours  without 
apparent  injury.  See  Nicholfon’s  Journal,  No.  21,  for  November 
1798. 

7.  A great  number  of  bees,  as  well  as  of  moths,  and  butterflies, 
rauft  be  very  injurious  to  flowers,  and  confequently  to  the  produc- 
tion of  fruits,  as  all  of  them  plunder  the  ne&aries  of  their  honey, 
and  thence  deprive  the  anthers  and  ftigmas  of  their  adapted  nourifh- 
ment,  as  mentioned  in  Se<ft.  VI.  6.  3.  This  would  be  more  deftruc- 
tive  to  the  feminal  products  of  plants,  but  that  many  of  them  poflefs 
means  of  defending  their  refervoirs  of  honey,  and  yet  of  expofing  it 
to  the  influence  of  the  air,  fome  of  them  by  long  winding  canals,  as 
in  the  bottom  of  the  tubes  of  the  honey-fuckles,  trefoils,  and  lark- 
fpurs,  lonicera,  trifolium,  delphinium ; others  by  covering  it  with  a 
hood,  as  in  monkfhood,  aconitum  ; others  by  a gluten,,  as  in  catchfly, 
filene,  and  in  fun-dew,  drofera;  others  by  contra&ing  fome  part  of 
their  leaves  or  flowers,  and  deftroying  the  hoftile  infect,  as  in  dionoea 
mufcipula,  and  in  apocynum  androfemifolium  ; and  Anally,  many 
other  flowers  have  probably  acquired  the  habit  of  fecreting  more  ho- 
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ney  than  is  neceflary  for  their  own  confumption,  as  cacalia  fuaveolens, 
alpine  colts-foot,  and  polygonum  fagopyrum,  buck-wheat.  From 
ail  thefe  contrivances  the  flowers  of  plants  probably  receive  lefs  in- 
jury from  the  depredations  of  bees,  moths,  and  butterflies,  in  this 
country,  and  from  the  humming  bird  in  tropical  climates,  than  they 
otherwife  would  be  fubjed  to. 

But  befides  the  lofs  of  much  of  their  honey  an  abundance  of  bees 
muff  likewife  injure  the  feminal  products  of  vegetables  by  plunder- 
ing the  ffamina  of  flowers  of  their  anther-dufl  for  bee-bread,  as  Mr. 
Hunter  believes;  and  alfo  of  the  wax,  which  covers  the  anthers  for 
their  defence  againft  rain.  Neverthelefs,  as  mankind  convert  to  their 
own  purpofes  the  honey  thus  collected  by  bees,  and  the  wax,  with 
which  they  fabricate  their  combs;  and  as  the  feeds  of  plants  and  their 
fruits  are  neverthelefs  in  fufficient  abundance  ; the  depredations  of 
bees  are  not  counteracted  like  thofe  of  other  infeds,  but  on  the  con- 
trary encouraged. 

The  following  obfervations,  which  I made  this  fummer,  may  be  of 
fervice  to  thofe  who  keep  bees,  and  which  I (hall  therefore  here  relate. 
The  bees  of  one  fociety  frequently  attack  thofe  of  another  fociety, 
plunder  them  of  their  honey,  and  deftroy  molt  of  them,  perhaps  all 
of  them,  in  battle  ; in  this  refped  refembling  the  focieties  of  man- 
kind ! This  war  for  plunder  occurs  more  frequently  than  is  com- 
monly fufpefted.  Laft  year  I had  one  hive  of  bees  totally  deftroy ed, 
and  the  year  before  another,  which  I did  not  take  means  to  prevent, 
though  1 law  the  conteft,  and  the  number  deftroyed  in  the  latter; 
but  not  early  enough  in  the  commencement  of  hoftilities. 

Laft  week,  June  i 6,  I happened  to  fee  a great  number  of  bees  on 
the  wing  near  the  mouth  of  my  only  hive,  and  fuppofed  that  they 
were  about  to  fvvarm.  In  an  hour  or  two,  on  again  attending  to 
them  I diftinClly  faw  it  was  a violent  battle  ; and  at  night  obferved 
about  a hundred  dead  bees  on  the  ground,  and  on  the  bench  before 
the  hive.  I then  dire&ed  a board  about  an  inch  thick  to  be  laid  on 
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the  bee -bench,  and  let  the  hive  on  this  board  with  its  mouth  ex- 
actly on  the  edge  of  this  board,  the  mouth  of  the  hive  wasalfo  con* 
tradted  to  about  an  inch  in  length,  and  a femicircular  hollow  was 
made  in  the  board  immediately  under  the  mouth  of  the  hive.  By 
this  means  the  availing  bees  were  obliged  to  alight  on  the  bee-bench, 
and  then  to  climb  perpendicularly  up  the  edge  of  the  board,  on  which 
the  hive  was  now  placed  ; and  thus  appeared  to  adl  with  great  dis- 
advantage ; and  a much  lefs  number  of  bees  appeared  to  be  Slain  in 
this  day’s  battle;  whence  it  would  be  advantageous  always  to  place 
bee-hives  in  this  manner. 

Neverthelefs,  as  the  war  did  not  ceafe,  I directed  early  on  the  next 
morning  to  remove  the  bee-hive  to  a diftant  part  of  the  garden,  and 
to  a more  eafterly  afpedt,  and  found  to  my  great  Satisfaction,  that  the 
holds  of  the  enemy  did  not  follow  ; and  that  in  a few  hours  the  un- 
affailed  bees  refumed  their  work,  as  appeared  by  their  going  into  the 
hive  with  loaded  thighs  ; and  though  a few  of  them  were  feen  on 
the  following  two  nights  refting  on  their  old  habitation,  thefe  were 
carried  early  on  the  enfuing  morning  in  their  torpid  ftate  to  their 
new  fituation,  and  the  war  ended  without  extermination  of  either  So- 
ciety. 


IV.  DESTRUCTION  BY  VERMIN. 


1.  The  definition  of  grain,  after  it  is  Sown,  by  the  field-mice, 
which  mine  their  way  very  quickly  under  newly  ploughed  lands  near 
the  Surface,  is  Said  by  Mr.  Wagffaff,  in  the  papers  of  the  Bath  So- 
ciety, Vol.  VI.  to  be  effected  in  Some  Seafons  to  a very  great  extent. 
He  adds,  that  the  tuffocks  of  wheat,  Seen  to  arife  in  many  fields,  are 

owing  to  the  granaries  of  thele  diminutive  animals;  which  he  has 

often  found  to  contain  nearly  a hatful  of  corn,  which  grows  into  a 

tuft,  if  the  owner  becomes  accidentally  deflroyed. 

Mr.Wagftaff  alfo  afferts,  that  they  feed  much  on  the  young  plants. 
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as  they  arife  from  the  feed,  and  multiply  at  that  time  very  faff.  He 
detedbs  their  habitations  by  fmall  mounds  of  earth  being  thrown  up 
on  or  near  the  apertures  of  their  dwellings,  or  of  the  paft'ages,  which 
lead  to  their  nefls  or  granaries  ; and  by  following  the  courle  of  thefe 
paft'ages  he  found  and  deftroyed  the  parents  and  the  progeny. 

Mr.Wagftaff  recommends  the  taking  up  and  dividing  the  tuffocks 
of  wheat,  thus  fown  in  the  autumn  by  the  field-mice,  and  tranf- 
planting  them  in  the  fpring  ; and  alfo  to  thin  other  parts  of  a young 
crop,  as  they  appear  too  thickly  fowm,  which  he  efteems  an  advanta- 
geous practice. 

Acorns  when  fown,  and  garden  beans,  and  peas,  are  liable  to  be 
dug  up  or  devoured  by  thefe  voracious  little  animals,  u hich  may  be 
deftroyed  by  traps  baited  with  cheefe  ; or  belt  ot  all  by  the  encou- 
ragement of  the  breed  of  owls,  lo  active  in  the  purluit  of  nocturnal 
vermin,  and  thence  lo  ufeful  to  the  gardener  and  farmer,  who  lbill 
permit  their  fervants  and  children  to  deftroy  both  their  eggs  and  cal- 
low young. 

2.  This  country  was  infefted  with  two  kinds  of  rats,  the  houfe-rat 
and  the  water-rat ; but  it  is  believed,  that  within  the  lalt  half  cen- 
tury the  water-rat  has  deftroyed  the  houfe-rat.  The  water  rats  pof- 
fefs  fome  kinds  of  ingenuity  fimilar  to  the  beaver  in  the  conftrudfion 
of  their  houles  near  the  brinks  of  rivers  and  pools  ; which  have  two 
apertures,  one  above  ground  amongft  the  grafs,  and  the  other  beneath 
the  furface  of  the  water ; and  unlefs  they  can  hide  their  upper  open- 
ing amid  weeds  or  grafs,  they  forfake  the  fituation.  Thus  if  a rim, 
three  or  four  feet  in  breadth,  round  a fifh-pond  be  kept  fo  low  as  to 
rife  only  twm,  or  three,  or  four  inches  above  the  level  of  the  water; 
and  if  this  be  kept  clean  from  high  grafs,  or  weeds,  the  rats  will  de- 
fert  the  pond. 

I have  feen  a young  water-rat  devour  a large  leaf 'of  water-plantain, 
alifma  plantago,  and  therefore  fuppole  that  they  occafionally  prey  on 
the  foliage,  as  well  as  on  the  feeds  and  fruits  of  vegetables,  and  on 
young  animals,  as  ducklings  and  rabbits.  As  thefe  animals,  like  the 
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dog,  are  of  a lafcivious  nature,  and  as  fome  materials  have  a drong 
fcent,  refembling  perhaps  that  of  their  venereal  orgafm,  they  are 
liable  to  be  attra&ed  by  fuch  fmells,  as  dogs  are,  on  the  fame  account, 
I fuppofe,  inclined  to  roll  themfelves  on  putrid  carrion ; and  male 
cats  to  eat  marum,  valerian,  and  cat-mint.  On  this  account  it  is 
ufuai  for  rat-catchers  to  avail  themfelves  of  this  propenfity,  and  to 
mix  effential  oil  of  rhodium,  or  mulk,  with  the  poifonous  powders 
of  ftrychnos  nux  vomica,  or  of  delphinium  davifagria,  or  perhaps 
of  arfenic. 

The  great  injury  to  vegetation  effected  by  thefe  rats  -confids  in 
their  making;  innumerable  burrows  beneath  the  foil,  and  feeding;  on 
the  roots  of  a great  variety  of  vegetables.  Some  new  planted  apple- 
trees  I remember  to  have  feen  taken  out  of  the  ground  with  nearly 
the  whole  of  their  fmaller  roots  eaten,  and  the  larger  ones  peeled  by 
thefe  reptiles.  They  will  alfo  dedroy  young  ducks,  young  rabbits, 
and  young  chickens ; and  devour  with  great  avidity  every  kind  of 
food,  with  which  poultry  and  fwine  are  ufually  fed ; and  are  hence 
in  many  ways  injurious  in  fituations  near  water. 

The  fubfequent  receipts  for  poifoning  this  mifchievous  vermin  are 
printed  in  the  papers  of  the  Bath  Agricultural  Society,  and  faid  to 
have  been  attended  with  great  fuccefs.  Fird,  to  a quart  of  oatmeal 
add  fix  drops  of  oil  of  rhodium,  one  grain  of  mufk,  and  twm  or  three 
of  the  nuts  of  nux  vomica  finely  powdered  ; make  it  into  pellets,  and 
put  them  into  the  rat-holes.  This  was  at  fird  greedily  eaten,  and  did 
great  execution,  but  the  wife  animals  after  a time  ceafed  to  eat  it. 
The  fecond  confided  of  three  parts  of  oatmeal,  and  one  of  davifa- 
gria,  dave’s-acre,  mixed  well  into  a pade  with  honey.  Pieces  of  this 
pade  were  laid  in  their  holes,  and  again  did  great  execution.  A third 
method  of  dedroying  them  there  recommended  is  by  laying  a large 
box  down  on  its  front  fide  with  the  lid  fupported  open  by  a dring 
over  a pully  ; and  by  trailing  toaded  cheefe,  and  a red  herring,  from 
their  holes  to  this  box  ; and  placing  oatmeal  and  other  food  in  this 
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box,  which  they  are  for  a few  nights  permitted  to  eat  unmolefted; 
and  finally  to  watch  them  by  moonlight,  the  infide  of  the  box  being 
painted  white;  and,  when  many  of  them  are  feen,  to  let  down  the 
lid  ; by  which  contrivance  fixty  of  them  were  taken  at  once. 

3.  Moles,  as  well  as  rats,  have  occafionally  increafed  fo  greatly  in 
numbers  as  to  much  injure  the  agricultor ; they  perforate  the  earth 
near  its  furface,  and  are  faid  never  to  drink,  but  to  feed  on  the 
roots  of  vegetable,  as  well  as  on  fubterraneous  infe&s;  and  thopgh 
they  are  believed  never  to  drink,  yet  they  have  been  feen. occafionally 
to  fwim  over  lakes  of  water  to  the  iflands  which  they  furround,  of 
which  an  ocular  proof  is  related  in  the  tranfaflions  of  the  Linnean 
Society,  Vol.  III.  1797.  Some  have  recommended  to  injefit  the 
fmoke  of  burning  fulphur,  or  of  tobacco,  into  their  fubterraneous 
manfions;  but  as  the  earth  frequently  falls  in  behind  them,  as  they 
pafs,  or  is  accumulated  behind  them  by  their  hindermoft  feet,  as  they 
perforate  the  foil  with  their  foremoft  feet  or  hands,  this  method  of 
attack  can  feldom  fucceed,  unlefs  the  neft  of  the  animal  be  near  the- 
fumigated  aperture.  Others  have  advifed  to  pour  water  into  their 
holes,  which  is  equally  inefficacious  in  general,  though  it  may  have 
effect  in  particular  fituations.  Some  alfo  have  baited  traps  with 
worms,  and  others  have  advifed:  to  put  poifon  into  their  holes;  but 
they  are  not  to  be  attracted  together  like  rats  from  their  not  appear- 
ing above  ground. 

The  following  method  was  related  to  me  by  Francis  Paget  of  El- 
iton  near  Newark,  a very  popular  and  fuccefsful  mole-catcher,  whom 
I once  attended  in  his  occupation  to  witnefs  his  operations.  The 
moles  have  cities  under  ground,  which  confifi:  of  houfes,  or  nefls,. 
where  they  breed  and  nurfe  their  young  ; communicating  with  thefe 
are  wider  and  more  frequented  ftreets,  made  by  the  perpetual  jour- 
neys of  the  male  and  female  parents ; as  well  as  many  other  lefs  fre- 
quented allies  or  bye  roads,  with  many  diverging  branches,  which 
they  daily  extend  to  collect  food  for  themfelves  or  their  progeny. 
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This  animal  is  more  a&ive  in  the  vernal  months,  during  the  time 
of  the  courtfhip  of  the  males  ; and  many  more  burrows  are  at  this 
time  made  in  the  earth  for  their  meeting  with  each  other.  And 
though  thefe  animals  are  commonly  efteemed  to  be  blind,  yet  they 
appear  to  have  fome  perception  of  light  even  in  their  fubterraneous 
habitations;  becaufe  they  begin  their  work  as  foon  as  it  is  light,  and 
confequently  before  the  warmth  of  the  fun  can  be  fuppofed  to  affedt 
them.  Hence  his  method  of  deflroying  them  confifted  firft  in  at- 
tending their  fituation  early  before  fun-rife;  and  at  that  time  he  fre- 
quently could  fee  the  earth  move  over  them,  or  the  grafs  upon  it; 
and  by  a fmall  light  fpade  he  frequently  cut  off  their  retreat,  by 
ftriking  it  into  the  ground  behind  them,  and  then  dug  them  up. 
He  added,  that  by  laying  the  ear  on  a newly  railed  mole-hill,  the 
found  of  the  fcratching  mole  might  fometimes  be  heard  at  a dis- 
tance, and  dire£t  where  to  find  it ; as  the  folid  earth  conveys  fmall 
vibrations  better,  or  to  a greater  diflance,  than  the  light  air.  And 
that  a terrier  dog,  after  having  been  accuftomed  to  the  bufmefs,  was 
frequently  of  fervice  in  detecting  by  his  nofe  the  place  of  the  mole 
beneath  the  foil,  and  by  endeavouring  to  fcratch  the  earth  over  it. 

The  mole  he  faid  generally  fuckles  four  or  five,  and  fometimes  fix, 
young  ones;  which  are  placed  confiderably  deeper  in  the  ground 
than  their  common  runs ; and  as  thefe  neffs  are  funk  much  deeper 
into  the  ground  than  their  ftreets  or  bye-roads,  and  the  mole-hills 
confequently  larger,  the  earth  on  the  fummit  of  thofe  mole-hills  is 
generally  of  a different  colour,  and  is  raifed  higher  than  that  of  the 
other  ones.  Thefe  nefts  are  to  be  dug  up,  having  firffc  intercepted 
the  canal  between  them  and  the  mole-hills  in  their  vicinity,  to  cut 
off  the  retreat  of  the  inhabitants. 

The  next  important  circumftance  is  to  difcover,  which  are  the  fre- 
quented ftreets,  and  which  the  bye-roads,  for  the  purpofe  of  fetting 
fubterraneous  traps.  This  is  effected  by  making  a mark  on  every  new 
mole-hill  by  a light  preffure  of  your  foot ; and  on  the  next  morning 
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by  obferviag  whether  a mole  has  again  pafled  that  way,  and  obliterat- 
ed the  foot  mark  ; and  this  is  to  be  done  two  or  three  fucceflive 
mornings.  Thefe  foot-marks  ftiould  not  be  deeply  imprefled,  left 
it  ftiould  alarm  the  animal  on  his  return,  and  he  fhould  form  a new 
branch  of  road,  rather  than  open  the  obftrudted  one. 

The  traps  are  then  to  be  fet  in  the  frequented  ftreets,  fo  as  nicely 
to  fit  the  divided  canal.  They  confift  of  a hollow  femicylinder  of 
wood  with  grooved  rings  at  each  end  of  it,  in  which  are  placed  two 
noofes  of  horfehair,  one  at  each  end,  faftened  loofely  by  a peg  in  the 
center,  and  ftretched  above  ground  by  a bent  ftick.  When  the  mole 
has  pafled  half  way  through  one  of  the  noofes,  and  removes  the  cen- 
tral peg  in  his  progreflion,  the  bent  ftick  rifes  by  its  elafticity,  and 
ftraneulates  the  animal.  He  added,  that  where  the  foil  was  too 
moift  or  tenacious,  that  the  moles  in  pafling  the  old  runs  fometimes 
pufhed  a little  of  it  before  them,  and  thus  loofened  the  central  peg 
before  they  were  in  the  noofe  ; in  which  cafe  he  fixed  the  peg  a little 
fafter  in  the  trap. 

By  thefe  means  Francis  Paget  cleared  many  of  the  neighbouring 
parifties  of  this  kind  of  vermin  in  a few  days,  or  a week  or  two, 
and  laid  them  under  an  annual  tax  for  the  defence  of  their  territories 
from  thefe  invaders.  And  added,  that  fome  other  mole-catchers  had 
carried  moles  into  thofe  farms,  whofe  occupiers  refufed  to  pay  them 
an  annual  ftipend,  a pradtice  which  he  fcorned  to  ufe.  I have  de- 
tailed this  method  to  prevent  this  impofition,  and  to  enable  every 
farmer  to  be  his  own  mole-catcher,  or  to  'tegch  the  art  to  his  fer- 
vants. 
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Exhibits  the  aphis,  puceron,  or  vine-fretter,  and  the  infers  which  deftroy  it; 

Fig.  i.  reprefents  the  aphis  of  the  rofe-tree  without  wings  very  much  magnified,  copied 
from  M.  Bonnet,  with  its  antennae  before,  and  its  two  horns  behind,  which  are  not  half 
the  length  of  the  antennae,  are  immoveable,  and  faid  by  Bonnet  to  be  hollow  canals  from 
which  the  fweet  juice  called  honey- dew  is  evacuated  ; Iaftly,  with  the  trunk  under  its 
head  in  the  pofition  in  which  it  penetrates  the  leaves.  In  fome  the  horns  behind  are  want- 
ing, and  little  knobs  fupply  their  place,  which  Reaumur  thinks  fupply  the  fame  fweet 
juice.  That  fome  poflfefling  wings,  and  others  not,  does  not  diftinguifh  the  fexes  is  agreed 
by  all  obfervers. 

Fig.  2.  reprefents  a magnified  aphis  of  a pear-tree,  from  which  a young  one  is  fuf- 
pended  for  fome  time  after  it  is  otherwife  born. 

Fig.  3.  reprefents  the  aphidivorous  larva,  with  an  aphis  in  its  mouth,  and  the  chryfalis  of 
the  fame  infedt,  before  it  is  transformed  into  the  fly  at  fig.  4.  All  thefe  were  drawn  from 

nature,  and  exadtly  refemble  fimilar  reprefentations  in  the  work  of  Bonnet. 

* 

Fig.  5.  reprefents  an  infedt  from  Bonnet,  which  he  terms  an  aphis  lion,  as  it  fo  greedily 
devours  the  aphifes.  This  infedt  is  transformed  into  the  fly  at  fig.  6. 

Fig.  7.  reprefents  a fpottcd  hemifpheric  fcarabeus,  called  by  fome  a lady-bird,  into 
which  the  infedt  at  fig.  8.  is  transformed,  which  is  alfo  faid  to  be  a great  aphis-eater. 
Oeuvres  de  C.  Bonnet,  T.  1. 
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PART  THE  THIRD. 

AGRICULTURE  AND  HORTICULTURE, 

SECT.  XY. 

THE  PRODUCTION  OP  FRUITS. 

Buds  immediately  from  feeds  never  produce  feeds.  Neither  in  annuals  nor  trees . As 
in  wheat , tulip,  apple-tree.  Buds  from  the  broad  caudex  of  a tulip , and  the  long 
caudex  of  trees,  are  of  different  maturity.  Leaf-buds  changed  into  flower -buds  at 
Midfummer,  or  flower -buds  into  leaf -buds  by  art.  I.  To  produce  fruit-bearing 
trees,  i . Seedling-trees.  Their  puberty.  Ingraft  walnut  and  mulberry  trees. 

If  unpruned  young  trees  or  ejpalliers  bear  fruit Jooner  than  other  flandards  ? Buds  ‘ 
on  bended  branches  earlier  and  larger.  An  apple  four  on  one  fide . How  to  pro- 
duce fine  feedling-trees  or  flowers.  Leaves  of  feedling-trees . 2.  Root -fuckers 

from  apples,  vines,  briers,  figs , are  like  ingrafted  f cions.  3.  Scions  from  branches: 
planted  in  the  earth.  A quick-hedge  thus  raifed.  Chinefe  method.  Vines  how 
raifed  by  Mr.  Michel.  4.  An  ingrafted  fcion  Jometimes  affeCls  the  flock.  Acquires 
vigour  from  a vigorous  flock.  On  trees  of  the  fame  genus.  On  trees  of  different 

genus.  Subjell  to  hereditary  difeafes,  not  to  old  age,  like  the  parent  tree.  Sum- 
mits die  fir  ft.  Talicotius's  ingrafted  nofes.  Sour  apple  on  one  fide.  Apply  rind 

to  rind  in  grafting.  Flower-bud  not  proper  for  inoculation.  Sweeter  apples  have 
whiter  bloffoms.  Colour  of  black  cherry  and  purple  grape  known  by  their  red  leaves 
in  autumn.  Lines  from  Virgil's  Georgies.  II.  To  increafe  the  number  of  fruit- 
buds.  Leaf  buds  are  furnifhed  with  new  caudexes  down  the  trunk.  Flower 3 

buds  not  Jo.  Retard  the  production  of  new  caudexes.  Viviparous  and  oviparous 
progeny.  Production  of  new  caudexes , or  bark  filaments,  are  compound  in  in- 
grafted trees,  and  fuddenly  generated.  1 , Bend  down  the  viviparous  branches , 

and 
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and  they  become  oviparous,  and  receive  more  nutriment,  nipple-trees  trained  in 
horizontal  circles.  Nectarines  and  peaches  trained  on  the  ground.  i.TwiJl  a 
wire  or  tie  a cord  round  viviparous  branches.  Apple-trees  become  dwarfs  by  fre- 
quent ingrafting  on  them.  3 I Found  or  break  a viviparous  branch,  or  cut  off  a 
cylinder  of  the  bark.  The  vejfels  of  the  alburnum  fometimes  abl  as  capillary  tubes. 

. "Decorticated  oaks.  Tapped  birch  and  maple.  Decorticate  alternate  branches  about 
Midfummer.  Decorticated  roots  produce  root-f cions.  Grafted  roots.  Layers . 

Take  bark  off  and  replace  it.  Cut  three  or  four  circular  incifions,  or  a fpiral  line. 
To  make  dwarfs.  4.  Tranfplant  a tree,  or  cut  the  roots,  or  confine  them.  Pluck 
up  and  tranfplant  beans,  brocoli,flrawberries.  Alfo  crowd  the  roots  of  ftrawberries. 
Put  a brick  floor  under  fruit-trees . Confine  lily  of  valley  in  pots.  Orchis.  Cu- 
cumbers and  melons.  5.  Cut  away  central  viviparous  branches.  Why  fpurs  are 

oviparous.  Why  terminal  buds  are  viviparous.  Effebt  of  it.  Management  of 
melons.  Management  of  vines.  Pinch  off  viviparous  fecondary  buds , and  they 
become  oviparous  next  year  at  the  fame  eye.  A longer  heat  to  ripen  the  wood  ex- 
plained. If  this  could  be  prablifed  on  other  fruit-trees.  6.  Lines  from  Botanic 
Garden.  III.  To  perfect  and  enlarge  the  fruit.  1.  Shorten  the  oviparous 
branches.  Cut  away  root -fuckers.  2.  Pinch  off  ufelefs  viviparous  buds.  Pick 
out  fecondary  buds.  And  of  melons.  3.  Thin  wall  fruits,  and  grapes.  Mucor 
grows  without  light.  4.  Tie  waxed  thread  round  twigs  of  fig-trees  and  pear-trees 
when  in  flower , to  prevent  new  leaf -buds.  5.  Give  additional  moifture , manure , 

and  warmth.  Moifture  enlarges  fruit  by  relaxing  their  cuticle,  and  preventing  ab- 
forption  from  them.  Of fuckling  goofeberries.  Watering  rice  when  in  flower.  Ma-  - 
nure  adds  nutriment.  Much  warmth  with  much  moifture  both  enlarges  fruit  and 
adds  to  its  flavour.  Hot-houfes  heated  by  fleam.  Pines  cultivated  in  water. 
6.  Protebt  flowers  and  fruits  from  froft.  A low  filiation  is  not  proper  for  a 
garden.  Walls  covered  with  projebling  coping  ft  ones  are  ufeful  in  fipring,  not  in 
fummer.  Moveable  coping  jheds.  Fire  flues  in  garden-walls . A fecret  in  the 
management  of  them.  Shade  flowers  from  the  fun.  7.  Fruits  ripen  fooner  if 
wounded,  or  gathered  before  they  are  ripe,  or  baked  in  the  hot-houfe,  or  in  an  oven. 
IV.  1.  To  preferve  fruit.  Keep  it  from  heat  and  cold,  and  from  moifture.  How 
heat  and  cold  deftroy  the  life  of  fruit.  Congelation  feparates  flalts,  vinous  fpirit, 

and  vinegar,  from  water.  Condenfes  clay.  Repels  mucilage.  Thaw  frozen 
fruit  Jlowly.  Preferve  fruits  in  ice-houfles , or  by  fleam.  2.  Gather  fruit  during 
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its  acid  ft  ate.  Evaporate  fart  of  its  water . Keep  it  cool.  3.  Impregnate  fruit 

with  fugar.  Brandy  poifons  mucor  or  mould.  4.  Fruits  preferved  in  brine , in 

vinegar , in  fpirit  of  wine , ratifie.  V.  Verfes  on  pruning  trees  and  melons . 

The  objedls  of*  the  culture  of  the  farm  or  garden  may  be  divided 
into  the  production  of  fruits,  feeds,  roots,  barks,  woods,  leaves,  and 
flowers. 

We  have  repeatedly  endeavoured  to  ffiew,  that  the  buds  imraedir 
ately  arifing  from  feeds  are  not  themlelves  capable  of  producing 
feeds  neither  in  herbaceous  nor  in  arborefcent  vegetables  ; but  that 
the  flrfl:  bud  from  every  feed  is>  fucceeded  by  a fecond  bud  more  per- 
fect than  itfelf;  and  that  by  a third,  fourth,  or  many  more;  each 
generation  being  more  perfeCt  than  the  preceding  one,  till  they  ac- 
quire a puberty,  if  it  may  be  fo  called,  or  a power  of  producing  fexual 
organs,  and  a confequent  feminal  progeny. 

In  thofe  plants,  which  are  called  annuals,  becaufe  their  feeds  are 
fown,  and  produce  other  feeds,  in  the  fame  year,  and  then  periffi, 
fome  fucceffive  buds  grow  on  each  other,  before  a flower  can  be  pro- 
duced; as  is  feen  in  the  Items  of  wheat,  and  fowthiftle,  triticum, 
fouchus  ; which,  conffit  of  joints,  which  appear  to  be  fucceffive  buds 
growing  on  each  other. 

From  the  tulip  feed  a Angle  bud  arifes  the  firft  year  with  a circu- 
lar flat  caudex  exilting  beneath  it,  on  which  one  principal  new  bulb 
is  formed  annually  more  perfect  than  its  parent,  as  is  feen  by  the 
larger  leaf ; and  alfo  fome  lefs  bulbs  are  produced  around  the  more 
perfeCt  one  in  the  bofom  of  each  rudiment  of  a leaf,  which  compofes 
or  enclofes  the  principal  bulb,  as  defcribed  in  SeCt.  VII.  1.3,  and 
SeCt.  IX.  3.  1,.  and  3 *.6.  Thefe  lefs  perfeCt  bulbs  round  the  principal 
one,  after  the  principal  one  has  acquired  its  puberty,,  or  power  of 
producing  fexual  organs,  are  of  greater  or  lefs  degree  of  maturity,: 
as  appears  by  their  fize ; and  thence  I fuppofe  muff  require  more  or 
fewer  years,  before  they  flower.. 
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Similar  to  this  circumftance  of  the  tulip-root,  the  buds  of  trees, 
which  firft  arife  from  the  feed,  produce  annually  other  buds  more 
perfect  than  themfelves,  till  they  acquire  the  power  of  feminal  ge- 
neration ; and  afterwards  not  only  a flower-bud  is  formed,  which  is 
in  fome  trees  the  central  bud  on  the  extremity  of  the  twig,  as  in 
pear-trees,  and  on  the  fpurs  of  apple-trees  ; but  alfo  many  leaf-buds 
of  greater  or  lefs  maturity  are  formed  around  the  principal,  or  flower- 
bud  ; which  require  more  or  fewer  years,  before  they  obtain  the  ma- 
turity neceflary  to  produce  a flower. 

It  was  (hewn  in  Se£.  VII.  i.  7.  that  every  part  of  the  long  cau- 
dex, extending  from  a bud  on  the  fummit  of  a tree  to  the  root,  can 
produce  a bud,  like  every  part  of  the  broad  caudex  of  a tulip-root; 
but  thofe  produced  in  the  bofom  of  the  leaf  I believe  generally  to  be 
the  mod  mature ; and  thofe  which  arife  from  a lower  part  of  the 
caudex  to  be  lefs  mature,  and  will  in  confequence  require  more  fuc? 
Ceflive  buds  to  proceed  from  them,  before  they  can  form  a flower. 
Thus  when  the  whole  branches  of  a fruit-tree  are  lopped  from  the 
trunk,  the  new  buds  are  produced  from  the  lower  parts  of  the  cau- 
dexes  of  the  branch-buds,  which  have  been  lopped  off,  and  are  there- 
fore an  immature  progeny,  and  require  fome  years  before  they  can 
flower. 

It  hence  appears,  that  a number  of  buds  or  bulbs  in  all  vegetables 
*nuft  fucceed  each  other  from  the  feed,  before  a flower  and  confe- 
quent  fruit  can  be  generated  ; but  that  thefe  fucceflive  generations 
are  more  numerous  or  fewer  in  fome  plants  than  in  others  ; that  they 
in  fome  plants  may  only  fucceed  each  other  annually ; in  others  per- 
haps many  of  them  in  the  fame  fummer,  as  in  the  herbaceous  plants, 
as  wheat ; and  in  thofe  trees,  whofe  annual  joints  have  their  pith 
divided  from  each  other,  as  in  vines.  And  laftly,  that  the  number 
of  thefe  fucceflive  generations,  or  the  times  of  their  produ&ion,  whe- 
ther only  annually,  or  many  of  them  in  one  fummer,  may  be  dimi- 
ni (hed 
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nilhed  or  accelerated  by  art;  and  that  in  attending  to  all  thefe  cir- 
cumftances  confifls  the  fuccefsful  management  of  fruit-trees. 

The  new  buds  on  deciduous  trees  in  this  climate  are  produced 
about  Midfummer,  as  obferved  in  SeCt.  IX.  2.  9 ; and  it  is  believed 
by  the  Linnean  fchool,  that  many  of  them  at  this  time  may  be  fo 
affeCted  by  art,  as  to  become  either  leaf- buds  or  flower-buds.  At 
this  feafon  therefore  the  production  of  buds  on  wall- trees,  or  efpa- 
liers,  or  on  ftandards,  (hould  employ  the  attention  of  the  horticuitor  ; 
as  thofe  feedling-trees  produce  leaf-buds  only,  which  are  too  young 
to  produce  flower-buds ; and  as  the  particular  (hoots  or  buds  of  other 
trees  are  not  fo  mature  as  to  produce  flower-buds  ; and  laftly,  as  fome 
trees  flourifh  too  vigoroufly,  as  it  is  termed,  to  produce  flower-buds. 
The  things  to  be  attended  to  are  the  age  of  the  tree,  from  which 
the  graft  was  taken,  which  now  forms  a branch  ; the  maturity  of 
the  particular  buds,  which  you  with  to  encourage  ; and  the  vigour  of 
the  whole  tree,  or  its  tendency  to  produce  leaf-buds  in  preference  to 
flower-buds. 


i.  There  are  four  methods  of  procuring  fruit-trees  for  the  pur- 
poles  of  horticulture,  by  feeds,  by  root-fuckers,  by  planted  fcions,  or 
by  ingrafted  fcions. 


It  was  obferved  above  in  Section  IX.  3.  1.  and  3.  6.  that  in  tulips 
and  hyacinths,  and  even  in  potatoes  and  onions,  the  bulbs  fucceed 
each  other  for  two  or  three  years  or  longer,  before  they  produce 
flowers;  and  that  the  fame  happens  to  the  buds  of  feedling-trees, 
which  are  many  years  a fucceffion  of  leaf-buds  only,  before  the  pro- 
pagation of  a Angle  flower-bud  ; for  the  power,  which  produces  the 
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lateral  germination  of  buds,  feems  to  require  a lefs  mature  organiza- 
tion than  that,  which  is  employed  in  the  fexual  generation  of  feeds ; 
whence  a.  kind  of  puberty  of  the  plant  feems  to  be  acquired  for  the 
production  of  the  feminal  or  amatorial  progeny,  analogous  to  the 
transformation  of  caterpillars  into  butterflies ; which  appears  to  be 
effected  folely  for  the  purpofe  of  propagation. 

M.  Speechly,  in  his  treatife  on  the  Culture  of  the  Vine,  p.  49, 
feems  to  fay,  that  feedling  vines  muft  be  three  or  four  years  old,  be- 
fore they  produce  fruit  ; whereas  a planted  fcion,  or  an  ingrafted 
one,  from  an  aged  tree,  will  produce  fruit  the  firfb  or  fecond  year; 
and  according  to  the  obfervations  of  Mr.  Knight,  feedling  apple-trees 
will  not  bear  fruit  till  they  are  twelve  or  fourteen  years  old  ; and  other 
fruit-trees  in  fimilar  manner  require  fome  years  after  their  birth  from 
the  feed,  before  they  arrive  at  lufficient  maturity  to  bear  flowers.  See 
Sedt.VII.  1.  3.  Hence  he  advifes  the  horticultor  to  procure  fcions  for 
grafting  from  fuch  trees  as  already  bear  fruit ; but  pays  no  regard  to 
the  flock,  into  which  they  are  to  be  inferted  ; and  adds,  that  he  be- 
lieves, if  fcions  from  a bearing  walnut  or  mulberry  tree  were  in- 
grafted on  a feedling  one,  that  it  would  produce  fruit  in  two  or  three 
years;  which  otherwile  would  not  occur  in  lefs  than  twenty.  Trea- 
tife on  Apple  and  Pear.  Longman,  London.  And  hence  we  fee  the 
advantage  of  ingrafting  on  feedling  orange  or  lemon-trees  in  our 
green-houfes  the  fcions  taken  from  thofe,  which  bear  fruit ; as  other- 
wife  they  would  continue  fo  many  years  before  the  buds  would. ac- 
quire fufficient  maturity  to  generate  flowers. 

Some  have  believed  that  young  trees  will  bear  fruit  fooner,  if  they 
arc  not  pruned,  but  permitted  to  grow  quite  wild  in  large  bullies. 
It  is  poflible,  that  this  may  occur  either  from  the  unfkilful  horti- 
cultor pruning  off  all  the  terminal  twigs,  vvhofebuds  were  forwarder 
in  refpedl  to  age,  than  the  lateral  ones  much  beneath  them.  Or 
becaufe  the  great  number  of  new  leaf-buds,  proceeding  from  an  ex- 
uberant branching  head,  may  fo  crowd  the  bark  of  the  trunk  with 
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their  caudexes,  that  Tome  of  them  may  fooner  find  a difficulty  in 
forming  their  embryon  caudexes,  and  may  in  confequence  become 
flower-buds.  But  1 much  doubt,  that  this  can  frequently  occur  from 
either  caufe,  as  I think,  I have  feen  efpaliers  bear  fome  years  fooner 
than  ftandards,  which  were  ingrafted  at  the  fame  time,  and  from  the 
fame  trees.  And  I have  been  informed  of  other  feedling  apple-trees, 
which  have  born  fruit  in  not  much  more  than  half  the  time  above 
mentioned  by  Mr.  Knight. 

It  is  much  to  be  wifhed,  that  proper  experiments  were  made  on 
feedling  trees  by  planting  them  as  efpaliers,  or  againfc  walls,  and 
bending  down  their  branches  below  the  horizon,  fince  the  diffi- 
culty of  their  generating  leaf-buds  might  be  thus  increaied  ; as  they 
could  not  fo  eafily  form  their  embryon  caudexes  on  the  comprefled 
bark  of  the  bended  branch  ; and  the  dap-juice  for  the  nourifbment  of 
fruit-buds  would  be  thus  rather  increaied  than  diminiihed,  accord- 
ing to  an  experiment  of  Dr.  Walker,  who  found  the  buds  at  the 
extremities  of  bended  branches  to  fwell  fooner  in  the  feafon,  and  to 
become  larger,  than  thofe  of  an  equal  height  on  the  more  upright 
branches.  Edinburgh  Tranfadtions,  Vol.  I. 

Mr.  Bradley  has  mentioned  an  apple,  which  was  fweet  and  boiled 
foft  on  one  fide,  and  four  and  boiled  hard  on  the  other  ; and  afcribed 
it  probably  to  the  real  caufe  with  much  ingenuity  in  the  year  1721, 
long  before  the  publication  of  the  fyfiem  of  Linneus.  He  afcribes 
it  to  the  male  farina  of  fome  neighbouring  harih  apple-tree  affe&ing 
at  the  time  of  the  impregnation  the  ftigma  of  the  flower  of  a fweet 
one  ; and  thus  a produ&ion  of  different  feeds  might  be  generated 
in  the  fame  pericarp,  and  a confequent  different  kind  of  nutriment 
prepared  for  each  ; and  thus  the  different  parts  of  the  apple  become 
four  or  fweet,  w'hich  is  analogous  to  a bitch  producing  different  kinds 
of  puppies  at  the  fame  birth,  refembling  the  different  dogs  with  which 
(lie  had  cohabited.  The  fame  circumfiance  is  faid  to  have  occurred 
in  oranges  and  in  grapes  of  different  kinds. 
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By  this  method  of  applying  the  farina  of  one  good  variety  of  fruit, 
as  of  apple  or  pear,  to  the  ftigma  of  another  good  variety,  it  is  very 
probable,  that  fome  very  excellent  new  varieties  of  fruit  might  be  pro- 
duced from  the  feeds,  which  might  fupply  fora  century  the  orchards 
of  the  curious,  inftead  of  our  golden  pippins,  and  nonpareils  ; which 
are  laid  to  be  fuperannuated,  and  fo  liable  to  canker  as  not  to  be 
worth  cultivation.  It  is  probable  alio,  that  new  varieties  of  tulips 
and  hyacinths,  and  of  melons  and  cucumbers,  as  well  as  of  all  other 
vegetables,  might  be  thus  produced. 

The  following  obfervations  are  from  Mr.  Knight’s  treatife  on 
Apple  and  Pear,  p.  47.  “ Every  feed,  though  taken  from  the  fame 

apple,  furnifhes  a new  and  diftind:  variety  ; and  fome  of  thefe  will 
grow  with  more  luxuriance  than  others  ; and  the  fruits  produced  by 
the  different  plants  will  polfefs  different  degrees  of  merit  ; but  an 
eftimate  may  be  made  of  their  good  and  bad  qualities  at  the  con- 
clufion  of  the  firft  fummer  by  the  refemblance  the  leaves  bear  to  the 
highly  cultivated,  or  to  the  wild  kinds;  as  has  been  remarked  by 
the  writers  on  this  iubjed  of  the  laft  century.  The  plants,  whole 
buds  in  the  annual  wood  are  full  and  prominent,  are  ulually  more 
productive  than  thofe  whofe  buds  are  fmall  and  fhrunk  into  the  bark  ; 
but  their  future  produce  will  depend  much  on  the  power  the  blof- 
foms  polfefs  of  bearing  cold  ; and  this  power  varies  in  the  different 
varieties,  and  can  only  be  known  from  experience.  Thofe,  which 
produce  their  leaves  and  blolfoms  rather  early  in  the  fpring,  are  jje- 
nerally  to  be  preferred  ; for  though  they  are  more  expofed  to  injury 
from  froli,  they  lets  frequently  fuffer  from  the  attacks  of  infedts,  the 
more  common  caule  of  failure. 

“ The  leaves  of  young  feedling  plants  annually  change,  become 
more  thick  and  flelhy,  and  affume  more  the  character  of  the  culti- 
vated kinds.  Thefe  external  changes  indicate  fome  internal  ones 
in  the  conffitutton  of  the  plant,  which  may  pofiibly  be  fimilar  in 
their  nature  to  thofe,  which  take  place  in  animals  Let  ween  their  in- 
fancy 
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fancy  and  the  time,  when  they  become  capable  of  propagating  their 
dpecies. 

2.  Of  Root  felons. 

Root-fuckers  from  bearing  bur-apples,  or  from  bearing  codlings, 
are  believed  to  become  fruitful  as  foon  as  grafts  from  thofe  trees : 

O 

becaufe  they  are  a viviparous  offspring,  as  well  as  the  feions  or  twigs 
from  the  branches  ; and  are  therefore  not  fimilar  to  the  oviparous 
progeny,  or  the  young  trees  produced  from  feeds.  This  muff  ne- 
verthelefs  in  great  meafure  depend  upon  the  age  of  the  fucker  ; as 
thofe  root-buds,  which  rife  into  fuckers,  are  not  formed  or  generated 
in  the  boiom  of  a leaf,  but  from  a part  of  one  of  the  long  caudexes 
of  a branch-bud  ; and  will  therefore,  1 fuppofe,  require  a fucceffion 
of  buds  for  lome  years,  before  they  will  acquire  fufficient  maturity  to 
produce  a flower;  as  the  central  buds  from  the  bofom  of  a leaf  I 
fuppole  to  be  much  forwarder  than  the  lateral  buds  from  the  fame 
caudex  ; as  is  leen  in  the  central  or  flower-bulb  of  a tulip,  and  its  im- 
mature lateral  bulbs  from  the  lame  caudex. 

Root-tuckers  from  thole  trees,  which  have  been  ingrafted  on  the 
roots  of  other  trees,  as  the  robinia  on  the  acacia,  may  arife  above 
the  grafted  part,  which  is  beneath  the  foil;  but  thofe  root- fuckers, 
which  arife  from  trees,  which  were  grafted  above  ground,  are  limilar 
to  the  (lock,  not  to  the  fruit-bearing  head;  which  might  have  been 
a wild  pear  or  wild  apple;  and  will- in  that  cafe  produce  crab-pears, 
or  crab-apples,  with  thorny  {ferns. 

When  a branch  of  a vine,  or  briar,  or  of  many  other  trees,  is  bent 
down,  and  a part  of  it  inlerted  into  the  ground  with  its  lummit  in 
the  air,  it  will  emit  roots  at  the  joints,  and  become  amiew  tree.  So 
the  rough  knobs  on  the  bark  of  a bur-apple-tree,  I am  informed,  will 
Ihoot  out  roots,  if  lurrounded  with  moitl  earth  ; and  the  branch  may 
be  then  cut  off,  and  luccefsfully  planted.  And  from  almoft  every 
joint  of  a fig-tree  roots  will  protrude,  if  furrounded  even  with  a 
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vvoollen  Ihred,  which  happens  to  he  frequently  moiftened  by  the  dews 
or  rain  ; and  che  branch  may  be  fuccefsfully  bent  down  and  planted 
in  a garden-pot.  All  thefe,  like  fuckers  from  the  roots  of  feedling- 
trees,  or  like  grafted  (cions,  will  become  fertile,  as  foon  as  the  tree, 
from  which  they  are  the  offspring  ; whether  it  be  a ieedhng-tree  or 
not. 

This  circumftance  does  not  occur  exa&dy  (irrilar  in  the  infertion 
of  buds  from  one  tree  into  the  bark  of  another ; as  thofe  buds,  which 
do  not  arife  from  the  bofom  of  a leaf,  but  from  lower  parts  of  the 
caudexes  of  a branch-bud,  as  from  the  bark  of  a branch,  whole  fum- 
mit  has  been  cut  off,  are  lei s mature,  1 believe,  than  the  fummit-buds, 
or  thole  which  arife  from  the  bofom  of  a leaf ; and  will  therefore  re- 
quire fome  years  before  they  can  produce  dowers  ; as  is  leen  in  thofe 
apple  or  pear  trees,  whole  fummits  have  been  entirely  lopped  off. 
This  is  a new  observation,  I believe,  and  worth  the  attention  of  thofe, 
who  inoculate  the  buds  of  one  fruit-tree  into  another. 

Root-fuckers  may  probably  be  liable  to  degenerate  in  relpedl  to 
their  vigorous  growth  by  hereditary  ddeafes,  owing  to  the  too  great 
age  of  the  original  plant  of  that  variety,  like  the  ingrafted  fcionsfrom 
the  branches.  Whence  it  may  be  neceffary  to  procure  root-iuckers  of 
rafpberry-plants,  and  of  goofeberries,  and  even  of  artichokes,  and 
flrawberries,  from  luch  as  have  been  railed  from  feed  not  tdo  long 
ago*  when  any  of  thefe  begin  to  degenerate. 


3.  Of  Planted  Scions. 

The  fcions  taken  from  the  branches  of  many  trees,  if  planted  in 
the  earth,  will  emit  roots,  and  flouriih  in  the  fame  manner,  as  when 
they  are  grafted  on  other  trees.  This  fucceeds  with  great  certainty, 
if  au  inverted  glafs  be  put  over  them  for  a few  days  to  prevent  their 
pprfpiring  more  at  firft,  than  their  abforbent  veffels  can  iupply.  See 
Seft.  I.  1.  I have  been  informed,  that  a quicklet,  or  hawthorn 
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hedge,  crataegus,  was  thus  planted  and  became  a good  fence  con- 
fiderably  fooner  than  from  fowing  the  feed. 

The  Chinefe  are  faid  by  fir  G.  Staunton  to  be  unacquainted  with 
the  art  of  ingrafting,  and  to  produce  dwarf  fruit-trees,  which  are 
brought  to  table  loaded  with  fruit  at  their  feftivals,  by  furrounding  a 
branch  of  a bearing  fruit-tree  at  its  bifurcation  with  a bag  of  earth, 
which  is  kept  moift  for  fome  months ; till  the  branch  puts  out  roots, 
probably  from  the  lips  of  a wound  in  the  bark,  and  is  at  length  fepa- 
rated,  and  tranfplanted  into  a pot.  Embafiy  to  China,  Vol.  II.  p.  54, 
8vo,  edition  ; and  it  is  then  rendered  a dwarf  by  repeatedly  cutting 
out  the  central  buds,  as  in  the  management  of  melons,  as  mentioned 
in  No.  2.  5.  and  3,  2.  of  this  Section. 

Vines  pofTefs  lo  vigorous  a power  of  vegetation,  that  the  prefent 
mod  approved  method  of  propagating  them  in  grape -houfes  conlifts 
in  planting  their  lcions.  The  late  Rev.  John  Michel  of  Thornhill, 
in  Yorkshire,  the  philofopher,  who  dilcovered  to  the  world  the  art  of 
making  artificial  magnets,  which  had  been  concealed  by  Mr.  Knight; 
whole  friendfhip  I long  po defied,  and  whole  lols  1 have  long  lament- 
ed ; arnufed  fiimfelf  and  family  at  vacant  hours  in  his  hot-houfe. 
The  obfervations  of  a man  of  fuch  accurate  and  universal  knowledge 
are  always  woith  recording;  and  though  his  ideas  on  this  fubjeT 
have  already  appeared  in  Mr.  Speechly’s  Culture  of  the  Vine,  I lhall 
here  tranfcribe  a part  of  one  of  his  letters  to  me  dated  in  May  1785. 

“ The  way  in  which  we  raife  our  vines  we  account  our  own  ; for 
I don’t  know,  that  it  was  praclifed  by  any  body  before  we  fet  the  ex- 
ample. It  is  now  pretty  generally  adopted  however  by  the  gar- 
deners and  nurferymen  in  this  part  of  the  world.  Infiead  of  leaving 
three  or  four  eyes  on  the  cuttings,  as  ufed  formerly  to  be  done, 
which  made  them  awkward  draggling  things,  we  never  plant  more 
than  a fingle  eye  to  each,  cutting  them  with  as  long  a part  below 
the  eye  as  they  can  admit,  without  encroaching  too  much  upon  the 
next  eye  below  j that  is  to  fay,  we  leave  perhaps  about  half  an  inch, 
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or  a little  more,  as  it  may  happen,  above  it.  Thefe  cuttings  we 
plant  by  half  a dozen  or  a dozen  together,  at  the  diftance  of  three, 
four,  or  five  inches,  in  the  bark-bed,  where  it  is  pretty  warm,  but  not 
fo  hot  as  to  endanger  the  burning  of  the  roots,  when  they  fhall  come 
out  ; and  where  it  is  alio  pretty  moift,  or  elfe  we  water  them.  We 
plant  them  (loping  lo  as  to  make  an  angle  of  about  thirty  degrees 
perhaps,  a little  more  or  lets,  with  the  horizon,  the  eye  being  higheft  ; 
but  taking  care  that  it  alio  fhall  be  covered  about  an  inch  with  the 
baik,  which  is  a very  neceflary  precaution  ; for  though  it  ought  juft 
to  fmell  the  frefh  air,  it  iruift  be  kept  moift,  to  prevent  the  bud  and 
fhoot,  when  it  comes,  from  drying;  otherwife  it  will  very  fre- 
quently die  away  prefently  alter  it  has  (hot  a little,  or  at  beft  it  will 
grow  unkindly,  not  having  yet  made  roots  fufficient  to  fupplv  it  w ith 
the  fap  necefi'ary  for  its  fupport ; which  will  not  be  the  cale,  if  the 
bud  is  fufficiently  covered  at  firft,  and  till  it  has  acquired  more  roots. 

We  generally  plant  our  vines  in  this  way,  about  the  beginning  or 
middle  of  January  ; and  if  the  bark  is  pretty  warm,  and  as  moift  as 
it  fhould  be,  the  cuttings  will  begin  to  pufti  both  at  top  and  bottom 
in  about  a fortnight  or  three  weeks  at  the  moft.  When  the  vines 
have  fhot  a little,  perhaps  three  or  four  inches,  but  before  the  roots 
are  got  too  long,  (in  which  cafe  it  would  be  impoftible  to  avoid  break- 
ing them  by  removing,  on  account  of  their  extreme  tendernefs  and 
brittlenefs)  we  difplace  a good  deal  of  the  bark  very  near  them,  till 
we  can  throw  them  down  all  together,  which  (hakes  the  bark  very 
gently  from  their  roots;  fo  that  one  may  difengage  them  lufficiently 
eafy,  and  without  much  hurting  them.  We  then  plant  three  or 
four  of  the  moft  promiftng  and  thriving  ones  out  of  the  whole  num- 
ber fingly  in  fmall  pots  in  earth,  which  has  previoufly  flood  in  the 
hot-houfe  a day  or  two  to  get  warm,  letting  the  roots  drop  down  on 
a little  earth  at  the  bottom,  at  firft,  as  they  conveniently  can,  and 
then  covering  them  with  more  earth  carefully,  till  the  pot  is  pro- 
perly filled,  and  the  ftem  about  three  or  four  inches  long,  as  I faid 
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before,  {landing  in  the  middle  ; and  then  plentifully  watering  the 
earth  to  fettle  it  to  the  roots.  We  now  plunge  them  again  in  the 
bark,  where  in  five  or  fix  weeks,  more  or  lefs,  they  will  have  filled 
their  pots  pretty  well  with  roots ; when  they  will  begin  to  fhew  by 
their  little  progrefs,  and  the  fmallnefs  of  the  {hoots,  that  they  want 
more  room.  We  then  take  them  carefully  out  of  thefe  fmall  pots, 
'difiurbing  the  ball  of  earth  as  little  as  poffible,  and  put  it  all  together 
into  larger  pots,  putting  a little  frefii  earth  at  bottom  and  round 
about,  and  watering  well  as  before ; and  we  then  again  plunge  them 
into  the  bark. 

“ By  about  the  latter  end  of  May,  or  beginning  of  June,  the  heft 
of  them  will  be  four  or  five,  or  perhaps  fix  feet  high,  and  ought  now 
to  be  removed,  difiurbing  the  roots  as  little  as  poifible,  into  the  na- 
tural ground,  where  they  are  to  remain.  If  this  is  done  carefully, 
and  the  earth  well  watered  about  them  to  fettle  it  to  their  roots,  they 
will  frequently  begin  growing  again  almofi:  immediately,  but  at  leaft 
in  three  or  four  days  ; and  will  then  often  {hoot  in  the  hot-houfe  two 
inches  in  a day,  and  by  the  end  of  the  year  will  have  {hot  from 
eighteen  or  nineteen,  to  three,  four,  or  five  and  twenty  feet.  Though 
we  approve  of  this  as  rather  the  beft,  yet  if  thefe  cuttings  are  planted 
in  the  fame  way  either  fingly  in  fmall  pots,  or  two  or  three  together 
in  each,  with  earth,  inflead  of  planting  them  in  the  bark,  deftroying 
all  but  the  bell  one,  when  they  have  fhot  a little,  and  plunging  them 
either  in  the  bark,  or  in  default  of  a bark-bed,  in  a common  hot-bed, 
they  will  do  equally,  or  nearly  equally  well ; only  taking  care,  that 
the  hot-bed  is  not  too  hot,  fo  as  to  injure  the  roots,  of  which  there 
is  fometimes  danger.” 

4.  Of  Ingrafted  Scions. 

The  art  of  ingrafting  trees  is  of  great  antiquity,  and  is  attended 
with  numerous  well  known  advantages,  but  is  not  yet  arrived  to  its 
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utmoff  perfection  ; for  it  is  not  yet  certainly  known,  whether  the  in- 
grafted fcion  gives  or  takes  any  property  to  or  from  the  tree,  which 
receives  it,  except  that  it  acquires  nourifhment  from  it. 

There  is  one  inftance  recorded  by  Bradley,  where  the  fcion  of  a 
variegated  jaflamine  gave  variegation  to  the  leaves  beneath  it  of  the 
unvariegated  jaflamine,  on  which  it  was  ingrafted,  though  the  graft 
itfelf  perifhed.  See  SeCt.V.  1.  This  feems  to  fhew,  that  a commu- 
nication of  juices  exifts  between  the  graft  and  the  flock;  and  that 
thus  fome  change  in  the  colour  of  the  leaves  of  the  flock  might  be 
occafioned  by  the  inofculation  of  the  veflels  of  the  new  bud  with 
thofe  of  other  buds  in  its  vicinity.  Thus  if  a fcion  of  a purple  grape 
was  ingrafted  on  a white  one,  the  leaves  of  the  latter  might  proba- 
bly become  fomewhat  red  in  the  autumn,  like  thofe  of  the  purple- 
vine  ; but  there  are  no  inflances  recorded,  where  this  communication 
of  juices  from  the  graft  to  the  flock,  or  from  the  (lock  to  the  graft, 
has  varied  the  flavour  or  the  form  of  the  flowers,  or  fruit  of  either 
of  them. 

For  though  the  fame  vegetable  blood  pafles  along  both  the  upper 
and  lower  part  of  the  caudex  of  the  new  fcion,  which  extends  from 
its  fummit  on  the  branch  to  its  bafe  in  the  earth  ; yet  the  molecules 
fecreted  from  this  blood  are  fele&ed  or  formed  by  the  different  glands 
of  the  part  of  the  caudex,  which  was  brought  with  the  ingrafted 
fcion,  and  of  the  part  of  it  which  remained  on  the  flock,  in  the  fame 
manner  as  different  kinds  of  fecretions  are  produced  from  the  fame 
blood  in  animal  bodies. 

Some  have  neverthelefs  believed,  that  fcions,  ingrafted  on  more 
vigorous  trees  of  the  fame  genus,  have  acquired  greater  vigour  in  the 
growth  both  of  their  leaf-buds  and  fruit-buds.  Mr.  Speechly  afferts,. 
that  he  has  improved  many  kinds  of  vines  by  ingrafting  thofe,  which 
bear  fmall  grapes,  and  which  have  generally  weak  wood,  on  ftronger 
ones,  which  he  has  often  experienced  ; and  recommends  the  Syrian 
vine  to  graft  upon,  and  prefers  thofe,  which  were  raifed  from  feed 
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for  this  purpofe ; and  the  contrary  feems  to  appear,  where  more  vi- 
gorous fcions  have  been  ingrafted  on  lefs  vigorous  docks  ; as  apple- 
fcions  on  crab- ftocks  ; where  in  a few  years  the  part  above  the  graft- 
ed joint  becomes  much  larger  in  diameter  than  jthat  below  it. 

Grafted  fcions  fucceed  well  in  general  on  trees  of  the  fame  genus, 
as  in  the  common  ingraftment  of  fruit-trees ; fo  the  laurel,  prunus 
lauro-cerafus,  will  grow  on  the  common  cherry,  prunus  cerafus,  and 
produce  a tall  evergreen  tree.  But  there  are  faid  to  be  indances  alfo 
of  fuccefs  in  the  ingraftment  of  trees  not  only  of  different  genera, 
but  even  of  different  orders,  and  claffes  ; as  I have  been  informed,  that 
apple-fcions,  pyrus  malus,  have  grown,  when  ingrafted  on  hazels, 
corylus.  And  one  of  the  fathers  of  the  Carthufian  order  is  faid  to 
have  fucceeded  in  grafting  a vine,  vitis,  on  a fig-tree,  ficus  ; and  a 
jaffamine  on  an  orange.  Travels  in  France  and  Italy,  by  E. Wright. 
It  is  hence  probable,  that  many  new  difcoveries  might  be  made  by 
more  frequent  experiments  on  this  fubjedt. 

It  neverthelefs  appears,  that  in  grafted  trees,  though  the  flock  an- 
nually becomes  covered  with  a new  bark,  as  well  as  the  graft,  yet  it 
does  not  change  its  nature  ; fince  any  new  buds,  which  come  out 
from  the  flock  afterwards,  are  fimilar  to  the  flock,  not  to  the  graft  ; 
and  in  many  trees  the  graft  grows  fo  much  fader  as  to  become  nearly 
of  double  the  diameter  of  the  dock,  as  is  frequently  feen  in  old 
cherry-trees,  and  is  fpoken  of  in  Sedl.  VII.  1.  7. 

Thus  the  buds  of  fruit-trees,  like  the  bulbs  of  tulips,  when  raffed 
from  feed,  annually  improve  in  their  colour,  length,  thicknefs,  and 
often  in  the  fhape  of  their  leaves,  for  a certain  number  of  years ; and 
then  acquire  a male,  or  a female,  organ  of  reproduction,  as  in  the 
claffes  of  monoecia,  and  dioecia  ; or  both,  as  in  hermaphrodite  flowers. 
After  this  period  the  central  buds  and  bulbs  annually  produced  are  in 
every  refpedt  flmilar  to  their  parents,  as  mentioned  in  Sedt.VlI.  1.  3. 
except  in  the  nearer  progrefs  to  old  age  of  the  tree,  or  of  the  bulb-pro- 
geny; and  the  confequent  tendency  to  hereditary  dffeafes.  But  the 
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lateral  buds  from  the  lower  parts  of  the  caudex  of  the  central  ones, 
which  are  not  generated  in  the  bofoms  of  leaves,  are  of  a more  im- 
mature kind,  and  in  that  refpedl  do  not  refemble  the  central  bud,  or 
bulb ; but  require  fome  years  before  they  flower. 

Mr.  Knight  has  obferved,  that  the  grafts  from  thofe  fruit-trees, 
which  have  been  in  public  eftimation  for  a century  or  two,  are  now 
fo  liable  to  canker,  that  they  bear  very  little  fruity  and  are  not  worth 
cultivation  ; which  he  afcribes  to  the  age  of  the  tree  ; as  a graft  he 
fays  is  Amply  an  elongation  of  the  parent  tree.  And  as  it  demands 
fome  years  to  acquire  the  puberty  neceffary  for  fexual  generation,  fo 
it  may  become  weak  and  inirritable  by  age,  and  perifh  about  the  fame 
time  with  the  original  tree  ; which  is  fomewhat  countenanced  by 
another  remark  of  Mr.  Knight,  that  the  fummits,  or  long  extremi- 
ties of  old  trees,  frequently  die  many  years  before  lome  fmaller 
branches  from  the  trunk,  which  continue  to  flourifh,  as  is  frequently 
feen  in  old  oaks  as  well  as  in  fruit-trees  ; and  which  he  might  lup- 
pofe  to  be  occasioned  by  the  greater  age  of  the  terminal  buds  than 
of  the  lateral  ones,  as  well  as  from  the  greater  length  of  their  ab- 
forbent  veffels,  and  the  confequent  greater  refiftance  to  the  afcent  of 
the  fap-juice,  which  may  alfo  be  fooner  impeded,  or  totally  flopped 
by  the  inirritability  of  old  age. 

Neverthelefs  as  the  buds  of  trees  are  fucceflive  progenies,  and  can- 
not therefore  be  liable  to  old  age,  as  they  die  annually ; the  degeneracy 
of  the  buds  of  very  old  trees,  or  of  thofe  which  have  long  fucceeded 
each  other  by  their  lateral,  and  not  by  fexual  generation,  muff  arife 
from  their  being  liable  to  hereditary  difeafes  only,  and  not  to  heredi- 
tary improvements,  as  obferved  above  in  Sedt.  XIV.  1.  6. 

That  the  degeneracy  of  fome  plants  is  owing  to  hereditary  dif- 
eafes, and  not  to  old  age,  appears  from  their  continuing  for  long 
uncounted  periods  of  time' after  the  produdlion  of  thefe  difeafes,  as 
berberries  without  feeds,  and  vines  w'ithout  feeds,  and  flrawberries 
without  fruit,  though  probably  with  feeds,  as  the  barren  hautbois 
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ftrawberries,  which  bear  no  fruit,  fo  called,  have  perfedl  (lamina  and 
piftilla,  as  I this  day  obferved  with  a good  lens;  to  which  may  be 
added  thofe  female  figs  which  have  no  aperture  to  admit  impregna- 
tion, and  the  monftrous  double  flowers,  which  have  loft  the  power 
of  feminal  propagation,  and  fome  mule-plants,  which  never  pofteft- 
ed  it. 

We  have  nothing  in  the  animal  fyftem,  except  in  the  polypus,  and 
a few  obfcure  infeeds,  (imilar  to  lateral  generation  ; and  cannot  there- 
fore decidedly  argue  on  this  fubjedt.  Nor  have  we  any  thing  (imilar 
to  ingraftment  in  animals,  except  that  of  inflamed  parts  growing  to- 
gether, the  tranfplantation  of  teeth,  and  conftrudlion  of  artificial 
no(es  from  the  (kin  of  the  patient’s  arm,  ferioufly  delivered  by  Tali- 
cotius,  with  rqanv  engraved  plates  in  a work  on  that  fubjedt.  But 
this  ingraftment  of  nofes  was  unfortunately  burlefqued  by  the  author 
of  Hudibras  ; and  perhaps  this  ingenious  idea  of  Mr.  Knight,  that  the 
ingrafted  (cion  becomes  difealed  by  age,  and  perifhes  about  the  fame 
time  with  the  parent  tree,  may  be  liable  to  a limilar  ridicule  by  fome 
future  writer  on  gardening. 

So  learned  Talicotius  from 
The  Drawny  p^rt  of  Porter’s  bum 
Cut  fupplemental  nofes,  which 
Would  iaft  as  long  as  parent  breech; 

But  when  the  date  of  Knock  was  out. 

Off  drop’d  the  fympathetic  fnout. 

Canto  I.  1.  28  r. 

There  is  an  apple  faid  to  exift  at  New  York  in  America,  which 
is  afferted  to  be  four  on  one  fide  of 'it,  and  fweet  on  the  other  fide  ; 
and  to  have  been  produced  by  flitting  a fcion  of  a four  apple,  and  ano- 
ther (imilar  one  of  a fweet  apple,  taking  care  to  cut  the  buds  of  each 
fcion  with  a very  (harp  knife  exadlly  in  half,  and  by  applying  them 
and  binding  them  nicely  together,  and  then  ingrafting  this  double 
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' fcion  on  a tree.  I mention  this,  as  it  is  related  by  Mr.Jay  in  the 
communications  to  the  Board  of  Agriculture,  Vol.  I.  part  3 and  4, 
p.362;  and  is  referred  to  in  the  Memoirs  of  the  American  Aca- 
demy, Vol.  I.  p.  386.  But  there  muff  undoubtedly  have  been  fome 
miflake  in  refpeCl  to  the  production  of  fuch  an  apple  by  any  method 
of  grafting,  and  which  is  fo  well  explained  as  above  by  Mr.  Bradley. 

It  only  remains  here  to  add  in  refpeCt  to  grafting,  that  it  is  necef- 
fary  to  apply  the  bark,  which  contains  or  confifts  of  the  caudex  of 
the  young  fcion,  exadly  to  the  bark  of  the  branch,  into  which  it 
is  inferted,  or  applied  ; and  then  all  fpecies  of  ingrafting  fucceeds, 
whether  it  is  performed  on  a branch  or  on  a root;  and  whether  by 
excifion,  or’ inoculation,  or  inarching.  But  I fufpeCt,  that  where  a 
Angle  bud  is  inoculated,  it  has  often  failed  from  the  unfkilful  operator 
having  fele&ed  a flower-bud  inftead  of  a leaf-bud  ; which  probably 
unites  its  caudex  to  thofe  of  the  flock  with  lefs  vigour,  and  certainly 
dies  after  it  has  ripened  its  feed  ; or  by  his  imprudently  holding  the 
bud  in  his  mouth,  as  he  afcends  the  ladder,  or  while  he  makes  the 
inciflon,  and  thus  deflroying  it  by  heat,  as  I once  obferved.  A leaf- 
bud  may  in  general  be  diflinguifhed  from  a flower-bud  by  its  being 
fharper  pointed  and  lefs  fpherical. 

Where  the  fummits  of  very  young  fcions  of  only  a few  weeks 
old  are  to  be  ufed  to  ingraft  with  and  upon,  it  may  be  neceflary  alfo 
to  apply  the  pith  exaClly  to  the  pith  ; as  this  fummit  bud  is  yet  a 
primary  being,  and  not  like  a lateral  one,  whofe  whole  caudex  exifls 
in  the  bark,  which  adheres  to  it,  when  it  is  taken  off  for  inocula- 
tion. 

The  choice  of  buds  for  the  purpofe  of  inoculation  is  probably  of 
more  confequence  than  has  hitherto  been  imagined.  As  we  have 
endeavoured  to  fhew,  that  buds  from  parts  of  the  bark  diflant  from 
the  central  bud,  and  which  are  not  generated  in  the  bofom  of  a leaf, 
are  in  different  flates  of  maturity  ; they  muff  require  more  years  be- 
fore they  can  produce  a fexual  progeny  of  flowers,  and  a confequent 
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feminal  offspring,  with  the  refervoir  of  nutriment,  or  fruit,  which 
attends  it.  A fubjedt  which  is  new,  and  merits  to  be  further  inquired 
into. 

It  is  curious  to  obferve,  that  when  harfher  fruits  become  fweeter, 
that  the  bloffom  becomes  whiter,  as  is  univerfally  feen  in  thofe  of  our 
native  crabs,  and  of  our  cultivated  apples ; and  that  the  buds  become 
larger,  and  the  green  leaves  alfo  become  of  larger  area,  and  of  paler 
complexion. 

Thus  Mr.  Knight  obferves,  ic  that  the  width  and  thicknefs  of  the 
leaves  generally  indicate  the  fize  of  the  future  apple  ; and  t.he  colour 
of  the  black  cherry  and  purple  grape  may  be  known  by  their  autum- 
nal tints  ; and  that  even  in  plants,  which  have  fjprung  from  feed  in 
the  preceding  fpring;  as  the  tinging  matter  in  the  leaves  of  thefe 
plants  is  probably  of  the  fame  kind  as  that,  to  which  the  fruits  will 
in  future  owe  their  colour.”  The  leaves  of  the  purple  grape  become 
quite  red  in  autumn,  as  well  as  thofe  of  the  geranium  robertianum, 
and  many  other  kinds  of  foliage,  which  I fuppofe  may  be  owing  to 
their  abundancy  of  acid,  which  uniting  with  the  blue  part  of  what 
conftitutes  along  with  the  yellow  part  the  green  colour  of  vege- 
table leaves,  converts  it  to  red ; as  it  changes  the  colour  of  blue 
flowers  into  red  ones. 

5.  A tranflation  of  the  beautiful  lines  in  Virgil’s  Georgies  on  in- 
grafting may  amufe  the  reader. 

Where  cruder  juices  fwell  the  leafy  vein. 

Stint  the  young  germ,  the  tender  bloffom  ftain  j 
On  each  lop’d  Ihoot  a fofter  feion  bind. 

Pith  prefs’d  to  pith,  and  rind  applied  to  rind. 

So  fhall  the  trunk  with  loftier  creft  afeend. 

And  wide  in  air  robufter  arms  extend, 

Nurfe  the  new  buds,  admire  the  leaves  unknown*. 

And  blulhing  bend  with  fruitage  not  its  own. 
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II.  TO  INCREASE  THE  NUMBER  OF  FRUIT-BUDS. 

The  terms  ftrength  and  weaknefs,  in  their  ufual  acceptation,  when 
applied  to  the  vegetation  of  trees,  are  metaphorical  exprqflions,  or 
denote  the  eflfeCt  or  confequence,  rather  than  the  caufe,  of  their 
bearing  leaf-buds  or  flower-buds,  as  fpoken  of  in  SeCl.  IX.  2.  7.  For 
the  production  of  leaf-buds,  or  flower-buds,  though  it  may  be  laid  to 
accompany  the  greater  or  lefs  vigour  of  a tree,  depends  on  the  fa- 
cility or  difficulty,  with  which  the  long  caudexes  of  the  new  buds, 
which  conftitute  the  filaments  of  the  bark,  can  be  generated. 

Thus  the  new  vegetable  production  formed  in  the  axilla  of  a leaf 
about  Midfummer,  which  is  called  a leaf-bud,  confifts  of  many  em- 
bryon  buds,  perhaps  twenty  or  thirty,  which  are  to  form  the  next 
year’s  lhoot  ; and  each  of  thefe  muft  be  furnifhed  at  the  fame  time 
with  a long  caudex  in  miniature,  extending  from  the  leaf  or  fummit 
to  its  radicle  or  bale  ; which  confifts  of  umbilical  veffels  for  its  vernal 
nutriment,  and  of  a continuation  of  other  abforbent  veffels,  and  of 
arteries  and  veins,  as  defcribed  in  SeCt.VlI.  r.  7.  which  paffes  along 
the  branches  and  trunk  from  the  apex  or  leaf  of  the  bud  in  the  air 
to  its  bafe  or  radicle  in  the  ground  ; and  which  thus  forms  the  new 
bark,  and  contributes  to  thicken  and  ftrengthen  the  trunk  and  branches 
of  the  tree;  becaufe  each  new  leaf-bud  with  its  fummit,  caudex,  and 
radicle,  continues  afterwards  to  adhere  to  the  parent  tree. 

But  the  production  in  the  axilla  of  a leaf,  which  is  called  a flower- 
bud,  or  fruit-bud,  confifts  only  of  an  individual  vegetable  with  the 
rudiments  of  a number  of  flowers,  with  one  caudex  for  its  growth 
and  nutriment ; for  as  the  feed  falls  from  the  tree,  when  ripe,  no 
new  apparatus  of  caudexes  in  miniature  for  each  individual  feed,  as 
_ for  each  individual  embryon-bud,  is  required  to  pafs  down  the  trunk 
into  the  ground,  to  form  a new  bark  ; and  thus  to  thicken  and 
to  ftrengthen  the  trunk  and  branches. 
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Add  to  this,  that  not  only  the  feeds  require  no  new  caudexes  to 
pafs  down  the  trunk,  but  that  probably  the  ftamina  and  coral  of  each 
flower  ftrike  their  roots  only  into  the  blood- veffels,  which  commu- 
nicate with  the  bradbes,  like  mofles  or  fungufes,  which  grow  on  trees, 
or  like  cufcuta,  dodder,  vifcum,  mifletoe,  and  tillandfia,  and  epiden- 
drum ; and  therefore  require  no  caudexes  and  radicles  to  pafs  down 
into  the  ground. 

Whence  it  appears,  that  by  rendering  it  more  difficult  for  new 
buds  to  acquire  new  caudexes  along  the  branches  or  trunk  from  the 
fummit  into  the  ground,  the  tree  will  be  neceflitated  to  produce 
flower-buds  in  preference  to  leaf-buds  ; a theory,  which  was  firft  de- 
livered in  the  Botanic  Garden,  Vol.  I.  canto  4.  1.  470,  note,  and  ex- 
plains the  whole  art  of  the  management  of  fruit-trees. 

Vegetables  therefore  in  refpedb  to  their  mode  of  propagation  are  ei- 
ther viviparous  or  oviparous.  The  live  progeny  of  vegetables  con- 
lifts  of  the  buds,  which  rife  on  their  branches  in  the  bofom  of  each 
leaf,  or  on  its  long  caudex  extending  down  the  bark  of  trees  ; or 
which  arife  on  the  bulbs,  knobs,  wires,  or  fcions,  from  the  broad  cau- 
dex on  the  roots  of  herbaceous  plants.  The  egg-progeny  of  vege- 
tables confifts  in  their  feeds,  with  the  previous  apparatus  of  the 
flower,  and  concomitant  nutriment  in  the  fruit  and  cotyledons.  And 
as  plants,  or  parts  of  plants,  are  faid  to  be  in  greater  vigour,  when 
the  viviparous  progeny  is  prevalent ; as  the  caudexes  of  this  adherent 
offspring  form  a new  bark,  and  thence  thicken  and  ftrengthen  the 
trunk  and  branches  ; and  to  be  in  lefs  vigour  when  the  oviparous 
progeny  is  prevalent ; as  the  feeds  fall  from  the  tree,  and  confe- 
quently  require  no  caudexes  to  form  a new  bark,  and  thence  to 
th.icken  and  ftrengthen  the  tree.  We  fhall  generally  ufe  the  word 
viviparous  inftead  of  vigorous,  when  applied  to  vegetables,  which  ge- 
nerate leaf-buds  principally  ; and  oviparous  inftead  of  weak,  when 
applied  to  vegetables,  which  generate  flower-buds  principally ; for  the 
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words  vigorous  or  weak  may  properly  exprefs  the  greater  or  lefs 
health  of  vegetables  in  both  thefe  fituations. 

The  reader  will  pleafe  to  obferve,  that  in  the  Botanic  Garden  we 
have  called  the  bark  of  trees  an  intertexture  of  the  roots  of  each  in- 
dividual bud  ; but  that  thi^is  not  accurate  language,  as  the  filaments, 
which  conftitute  the  bark,  are  each  of  them  the  caudex  of  a bud,  or 
central  part  of  it  ; which  has  a leaf  at  its  upper  extremity,  and  a ra- 
dicle at  its  lower  one.  And  that  each  new  caudex,  or  bark  filament, 
is  generated  along  the  whole  trunk  of  the  tree  by  the  caudex  or  bark 
filament  beneath  it ; as  appears  in  thofe  fruit-trees  where  one,  or  two, 
or  three  fcions  have  been  ingrafted  on  each  other,  as  mentioned  in 
Se&.VII.  i.  7.  for  in  thefe  compound  trees,  when  a bud  arifes  from 
any  part  of  the  trunk,  it  is  feen  to  refemble  that  part  of  the  flock, 
and  not  to  refemble  the  new  grafted  fcion  above  it.  We  finally  fup- 
pofe,  that  this  whole  long  caudex  of  a new  bud  is  generally  generat- 
ed all  at  the  fame  time  by  the  fympathetic  aCtion  of  the  parts  of 
the  parent  caudex  along  with  the  bud  in  the  bofom  of  the  leaf  of 
that  parent  caudex  ; and  that  it  is  not  gradually  produced,  as  we  firfh 
fuppofed,  by  the  elongation  of  the  roots  of  each  budlet  in  the  bofom 
of  the  leaves. 

The  following  methods  will  contribute  to  prevent  the  young  buds 
from  fo  readily  acquiring  new  caudexes  on  the  trunk  of  the  tree;  and 
will  therefore  retard  the  generation  of  leaf- buds,  and  confequently 
affift  the  generation  of  fruit-buds  ; and  fhould  be  executed  about 
Midfummer,  or  foon  after,  as  at  that  time  the  new  buds  are  formed. 

1 . The  firjl  method  conjijis  in  bending  the  viviparous  branches  to  the 
horizon,  which  converts  them  into  oviparous  ones , for  by  the  curvature 
of  fuch  branches  the  bark  will  be  comprefied  on  the  under  fide,  and 
extended  on  the  upper  fide  of  the  curve,  and  its  veffels  on  both  fides 
will  be  contracted  in  their  diameters,  and  thus  the  difficulty  of  pro- 
ducing new  caudexes  for  the  generation  of  embryon  leaf-buds  will 
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be  increafed,  in  whatever  flate  of  miniature  they  may  be  conceived 
to  exilt. 

A curious  faCt  feems  to  be  eftablilhed  by  the  experiments  of  Dr. 
Walker  in  the  firft  volume  of  the  Edinburgh  TranfaCtions,  which 
(hews,  that  the  bending  of  a branch  even  below  its  infertion  into  the 
trunk  does  not  impede  the  afcent  or  derivation  of  the  vernal  fap-juice 
into  it ; but  on  the  contrary,  that  it  rather  appears  to  affift  it,  refem- 
bling  in  fome  meafure  a capillary  fyphon,  as  mentioned  in  SeCt.  III. 
2.  4.  which  may  be  owing  to  the  vernal  fap-juice  afcending  princi- 
pally, or  entirely,  in  the  fap-wood,  as  appears  by  the  new  leaves  ex^ 
panding  to  a certain  degree  on  decorticated  oak-trees,  as  (hewn  in 
SeCt.  IX.  2.8.  And  as  the  veflels  of  this  alburnum  are  more  rigid, 
they  may  be  lefs  liable  to  contraction  or  coarCtation  by  bending  down 
the  branch  than  the  bark-veflels,  as  well  as  from  their  being  placed 
within  the  latter,  and  therefore  lefs  liable  to  compreffion  beneath  the 
curvature,  and  to  elongation  above  it. 

Whence  it  appears,  that  the  bending  down  a branch  of  a fruit-tree 
below  the  horizon  does  not  diminifh  the  nutriment  of  the  fruit-buds, 
but  rather  increafes  it ; as  Dr.Walker  obferved  thefe  buds  to  grow 
fooner  and  larger  at  the  extremities  of  the  bended  branches  than  on 
other  parts  of  equal  height. 

It  was  aflerted  by  Mr.  Lawrence,  that  the  more  the  branches  of 
any  tree  are  carried  horizontally,  the  more  apt  that  tree  is  to  bear 
fruit ; and  that  the  more  upright  or  perpendicular  the  branches  are 
led,  the  more  difpofed  is  that  tree  to  increafe  in  wood  ; which  he 
afcribes  to  the  bending  down  of  the  branches  impeding  the  circula- 
tion of  the  fap.  Art  of  Gardening.  Mr,  Hitt  in  his  Treatife  on  Fruit 
Trees,  affirms,  that  if  a vigorous  branch  of  a wall-tree  be  bent  down 
to  the  horizon  or  beneath  it,  it  lofes  its  vigour,  and  becomes  a 
bearing  branch}  and  therefore  recommends  his  method  of  nailing  the 
branches  of  wall-trees,  and  of  tying  thofe  of  efpaliers,  in  an  hori- 
zontal direction  or  Ft  ill  lower ; as  in  this  con  (trained  fituation  there 
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muft  occur  greater  difficulty,  I fuppofe,  in  the  produdlion  of  the  new 
caudexes,  neceffary  for  the  embryon  progeny  of  buds,  upwards  or  ho- 
rizontally along  the  bended  branch  contrary  to  their  natural  habits, 
as  well  as  from  the  compreffion  of  the  bark  beneath  the  curvature 
of  the  branch,  and  its  extenfion  above  it ; whence  more  flower-ffioots 
are  produced,  which  do  not  require  new  caudexes  to  pafs  along  the 
bended  branch  ; but  which  permit  their  progeny,  the  feeds,  to  fall 
upon  the  earth,  and  penetrate  it  with  their  new  roots. 

In  Lord  Stafford’s  gardens  at  Trentham  I remember  to  have  feen 
many  years  ago  fome  ftandard  dw^arf  apple-trees  with  all  their 
branches  bent  down,  and  fixed  on  a flight  frame-work  about  a foot 
from  the  ground  ; which  feemed  to  be  uncommonly  prolific,  as  a 
circle  of  white  and  purple  flowers  twenty  feet  in  diameter  on  branches 
radiated  from  a center,  appeared  to  a diftant  eye  like  a lunar  halo,  or 
a carpet  of  rich  embroidery. 

The  greater  production  of  fruit-buds  on  branches  bended  to  the 
horizon  muff  contribute,  I Ihould  fuppofe,  to  the  prolific  effedt  of 
training  nedtarine  and  peach-trees  on  tiles  laid  on  the  ground,  or  on 
the  gentle  declivity  of  a bank  of  earth  facing  the  fouth,  which  has 
lately  been  recommended  by  fome  one,  whofe  name  I do  not  recoi- 
led!, who  gained  a patent  for  his  dilcovery.  And  it  is  indeed  proba- 
ble, that  both  thefe  modes  of  training  fruit-trees,  one  of  which  may- 
be called  an  horizontal  wall-tree,  and  the  other  an  horizontal  efpa- 
lier,  would  repay  the  labour  of  the  horticultor  ; as  they  would  be  ex- 
pofed  to  a more  vertical  fun  in  fummer,  which  might  more  cer- 
tainly ripen  their  fruit ; and  would  be  kept  fomewhat  backwarder  in 
the  early  fpring,  by  the  greater  obliquity  of  the  fun-beams,  and  might 
be  therefore  lefs  liable  to  injury  from  the  vernal  froft ; and  when  in 
bloffom  might  eafily  be  covered  in  the  night,  when  neceffary,  by 
mats  thrown  over  them  fupported  by  ffakes  with  horizontal  poles 
on  them. 

2.  Secondly.  The  twijling  a wire , or  tying  a wax'ed  firing , round 

the 


OF  FRUITS. 


397 


Sect.  XV.  2.  3. 

the  viviparous  branches  of  a tree , induces  them  to  become  oviparous , as 
oblerved  by  Mr.  Whitmill,  who  bound  not  only  the  viviparous  fhoots- 
of  various  wall-trees  with  ftrong  wire,  but  alfo  fome  of  their  large 
roots,  and  thus  increafed  the  product  of  his  fruit.  Bradley  on  Gar- 
dening, Vol.  II.  p.  155.  And  M.Buffon  produced  the  fame  effeCt  by 
a tight  cord  round  the  branches,  which  previoufly  produced  leaf- 
buds  inftead  of  flower-buds.  Adt.  Paris,  ann.  1738. 

M.Buffon  concludes  from  the  above  experiments,  that  an  ingraft- 
ed branch  bears  fruit  more  copioufly,  and  more  certainly,  from  its 
veflels  being  compreffed  by  the  callus  around  the  ingrafted  jundfion, 
which  may  have  this  efledt,  and  at  the  fame  time  contribute  by  pre- 
venting the  luxuriant  growth  of  its  leaf  fhoots  to  render  the  tree  of 
more  dwarfifh  ftature.  I am  informed  that  many  dwarf  apple-trees, 
which  are  now  planted  in  garden  pots  both  in  France  and  England, 
bear  much  fruit,  and  are  elegantly  placed  in  the  centre  of  a defert  at 
•luxurious  tables  ; and  that  the  principal  art  of  producing  them  con- 
fifts  in  ingrafting  them  three  or  four  times,  fcion  on  fcion  ; fo  that 
the  ftem  is  compreffed  by  the  callus  of  three  or  four  ingraftments  be- 
fore the  branches  are  permitted  to  divaricate;  and  the  trees  are  thus 
rendered  beautiful  dwarfs. 

The  effedt  of  thus  compreffing  the  bark  by  a wire,  or  a cord,  or  by 
the  callus  round  the  junctures  of  the  ingrafted  fcions,  is  undoubtedly 
accomplifhed  by  the  increafed  difficulty  oppofed  to  the  production  of 
the  caudexes  for  each  new  embryon  leaf-bud,  as  above  explained,  and 
the  confequent  generation  of  flower-buds  inflead  of  them. 

3.  Thirdly.  ‘The  wounding,  or  breaking  a viviparous  branchy  or  cut- 
ting away  a ring  of  the  bark , as  of  pear-trees , or  a femi-cylinder  of  the 
bark  of  other  fruit-trees , induces  them  to  become  oviparous. 

Where  young  trees  difcover  too  great  vigour,  Mr.  Lawrence  ad- 
vifes  to  cut  the  moft  vigorous  fhoots  two  parts  in  three  through,  leav- 
ing a large  notch,  that  the  wound  may  not  heal  too  foon  ; which  he 
adds  will  both  render  them  fruitful,  make  them  more  readily  con- 
form 
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form  to  the  wall  or  efpalier,  and  preferve  fuch  as  are  dwarfs  from 
too  much  afpiring  in  very  ftrong  branches,  efpecially  of  pears  ; he  re- 
commends two  or  more  fuch  incifions  to  be  made  in  the  fame 
branch. 

Another  method  he  propofes  is  to  break  the  too  vigorous  branches 
half  through  with  the  hand,  which  he  has  pradifed  with  fuccefs  in 
apricots  and  peaches,  when  the  branches  were  formed  directly  for- 
ward from  the  wall,  and  thefe  branches  have  continued  feveral  years 
to  bear  fruit,  though  fome  have  occafionally  died  by  effufing  gum  ; 
and  though  thefe  incifions  and  breaking  the  branches  may  be  per- 
formed at  any  time  of  the  year,  he  prefers  the  fpring  on  account  of 
the  wet  or  froft  of  winter.  Art  of  Gardening. 

A complete  cylinder  of  the  bark  about  an  inch  in  height  was  cut 
off  from  the  branch  of  a pear-tree  againft  a wall  in  Mr.  Howard*s 
garden  at  Lichfield  about  five  years  ago  j the  circumcifed  part  is  now 
not  above  half  the  diameter  of  the  branch  above  and  below  it,  yet  this 
branch  has  been  full  of  fruit  every  year  fince,  when  the  other  branches 
of  the  tree  bore  only  fparingly.  I lately  obferved,  that  the  leaves  of 
this  wounded  branch  were  fmaller  and  paler,  and  the  fruit  lefs  in  fize, 
and  ripened  fooner  than  on  the  other  parts  of  the  tree  ; and  another 
branch  has  the  bark  taken  off  not  quite  all  round  with  much  the  fame 
effed. 

The  theory  of  this  curious  vegetable  fad  receives  great  light  from 
the  foregoing  account  of  the  individuality  of  buds.  A flower- bud  dies 
when  it  has  perfeded  its  feed,  like  an  annual  plant,  and  hence  re- 
quires no  place  on  the  bark  for  new  caudexes  to  pafs  downwards; 
but  on  the  contrary  leaf-buds,  as  they  advance  into  fhoots,  form  new 
buds  in  the  axilla  of  every  leaf;  which  new  buds  require  new  cau- 
dexes to  pafs  down  the  bark,  and  thus  thicken  as  well  as  elongate 
the  branch.  Now  if  a cylinder  of  the  bark  be  deftroyed,  many  of 
thefe  new  caudexes  cannot  be  produced  ; and  thence  more  of  the  buds 
will  be  converted  into  flowrer-buds. 
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In  this  curious  circumftance  the  caudexes  of  the  buds  of  the  tree 
above  the  decorticated  part  feem  to  have  emitted  fhort  radicles  into 
the  alburnum  ; the  veflels  of  which  rauft  thus  have  acted  as  capillary 
tubes  between  the  upper  and  lower  caudexes  of  thofe  buds  ; as  capil- 
lary tubes  will  raife  water  by  the  attraction  of  their  internal  furfaces 
nearly  to  their  fummits,  when  they  are  not  too  high  in  proportion  to 
their  diameter  ; but  water  will  in  no  cafe  flow  over  their  fummits, 
but  will  always  ftand  with  a concave  furface  below  the  uppermoft 
rim  of  the  tube,  in  which  fituation  it  may  readily  be  abforbed  by  ve- 
getable radicles;  and  may  be  fupplied  from  beneath  by  the  fap-juice 
raifed  by  the  vegetable  a£tion  of -the  abforbent  veflels  of  the  caudexes, 
whofe  radicles  terminate  in  the  earth. 

It  is  cuftomary  to  debark  oak  trees  in  the  fpring,  which  are  intend- 
ed to  be  felled  in  the  enfuing  autumn  ; becaufe  the  bark  comes  off 
eafier  at  this  leafon  ; and  the  fap-wood,  or  alburnum,  is  believed  to 
become  harder,  and  more  durable,  if  the  tree  remains  till  the  end  of 
fummer.  The  trees  thus  flripped  of  their  bark  put  forth  fhoots  as 
ufual  with  acorns  on  the  fixth,  feventh,  and  eighth  joints,  like  vines  ; 
but  in  the  branches  I examined  the  joints  of  the  debarked  trees  were 
much  fhorter  than  thofe  of  other  oak-trees,  the  acorns  were  more 
numerous,  and  no  new  buds  were  produced  above  the  joints  which 
bore  acorns.  From  hence  it  appears,  that  the  branches  of  decorticated 
oak-trees  produce  fewer  leaf-buds,  and  more  flower-buds.  And  fe- 
condlv,  that  the  new  buds  of  debarked  oak  trees  continue  to  obtain 
moifture  from  the  alburnum  after  the  feafon  of  the  afcent  of  the  fap 
in  other  vegetables  ceafes ; which  in  this'unnatural  ftate  of  the  de- 
barked tree  may  a&  as  capillary  tubes,  like  the  alburnum  of  the  fmall 
debarked  cylinder  of  a pear-tree  above  mentioned  ; or  as  the  veflels 
of  the  alburnum  may  not  yet  have  loft  their  vegetable  life,  they  may 
continue  to  abforb  fap-juice  or  water  from  their  radicles,  and  carry 
it  to  the  buds  at  the  fummits  by  their  fpiral  contractions  as  in  the 
bleeding  feafon. 
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It  is  probable,  that  if  oaks  were  debarked  in  the  fummer,  that  much 
fewer  leaf-buds  would  appear  amidft  the  flower-buds ; becaufe  many 
of  the  latter  muft  be  advanced  too  far,  when  the  trees  are  debarked 
in  the  fpring,  to  be  converted  into  flower-buds  by  preventing  the 
production  of  their  caudexes,  or  by  impeding  the  afcent  of  the  nu- 
tritive fap-juice;  which  in  thefe  trees  is  lodged  principally  I fuppofe 
in  the  alburnum,  as  fpoken  of  in  SeCt.  IX.  2.  8.  On  the  fame  ac- 
count, when  much  fap-juice  is  taken  in  the  vernal  months  from  the 
birch  .or  maple  for  the  purpofes  of  making  wine  in  this  country,  or 
fugar  in  America,  I am  informed,  that  no  great  difference  occurs  in 
the  refpe&ive  numbers  of  flower-buds  or  leaf-buds,  which  then 
fucceed  ; but  that  the  general  luxuriance  of  the  tree  is  diminifhed  ; 
which  evinces,  that  for  the  defign  of  generating  more  flower-buds 
and  fewer  leaf-buds  by  partial  decortication,  it  Ihould  be  performed 
about  Midfummer. 

The  cylindrical  or  femicylindrical  decortication  of  a large  root  of  a 
tree,  as  well  as  of  a branch,  is  faid  to  anfwer  the  purpofe  of  increaf- 
ing  the  production  of  fruit-buds  by  leflening  the  number  of  leaf- 
buds  ; but  may  be  fubjeCl  to  two  inconveniences ; flrft,  that  the 
wounded  root  being  near  the  furface  of  the  ground  may  be  liable  to 
rot  like  the  bottoms  of  bedge-ftakes  ; or  like  timber,  which  is  kept 
in  moift  cellars  ; or  the  polls  of  wooden  bridges,  which  are  alter- 
nately expofed  to  water  and  to  air.  A fecond  inconvenience  may  oc- 
cur from  terreftrial  infeCts  having  accefs  to  the  alburnum  of  the  root, 
which  is  often  full  of  fweet  fap-juice  to  invite  them,  and  is  other- 
wife  generally  defended  by  an  acrid  rind. 

The  parts  of  a tree  immediately  below  a decorticated,  or  a flrangu- 
lated  branch  or  root  will  generally  become  viviparous,  and  will 
thence  be  faid  to  be  increafed  in  vigour ; that  is,  it  will  produce 
new  leaf-buds,  and  thofe  of  a luxuriant  appearance ; becaufe  the  in- 
jury of  the  bark  of  the  branch  or  root  will  prevent  the  parts  above 
from  receiving  fo  much  of  the  nutritive  fap-juice,  as  in  their  found 
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Rate ; and  confequently  the  parts  beneath  will  pofifefs  more  of  it  ; 
and  alfo  becaufe  thefe  new  buds  are  generated  from  a lower  part  of 
the  caudex,  and  will  thence  be  a few  years  before  they  will  acquire 
that  maturity,  or  puberty,  which  is  neceflary  for  the  generation  of 
flower-buds,  or  the  production  of  a fexual  or  feminal  progeny  ; 
whence  by  ftrangulating  or  decorticating  the  alternate  branches  of  a 
pear-tree  they  will  bear  for  fix  or  eight  years  ; and  the  other  alternate 
ones  will  become  in  the  fame  time  ftrong  and  vigorous,  ready  to  un- 
dergo a fimilar  operation,  when  the  former  ceafe  to  be  of  further  ufe; 
but  the  fruit  will  become  fmaller  in  fize,  though  in  greater  number, 
and  ripen  earlier  in  the  feafon. 

In  the  fame  manner  new  root-fcions  are  faid  to  be  produced  by 
firangulating  a branch  of  a root  near  the  furface  with  a tight  fixing, 
or  by  flitting  a root  near  the  trunk,  Evelyn’s  Sylva;  as  in  thefe  cafes 
the  afcent  of  the  fap-juice  is  impeded,  and  the  part  below  becomes 
viviparous,  or  produces  new  leaf-buds  for  the  reafons  mentioned  in 
the  laft  paragraph  ; as  is  frequently  feen  where  the  end  of  a branch 
is  lopped,  or  beneath  the  fear  of  the  junction  of  an  ingrafted  feion. 
On  the  fame  account  it  is  not  uncommon  to  ingraft  with  fuccefs  on 
roots  taken  out  of  the  ground,  and  afterwards  replanted ; as  the  ro- 
binia  on  the  root  of  acacia,  and  any  other  apples  on  the  roots  of  the 
fuckers  of  bur-apple,  or  codling,  mentioned  in  Se£l.  IX.  3.  5. 

For  the  fame  reafon  the  roots  of  fome  plants,  which  are  otherwife 
not  eafily  propagated,  will  fhoot  up  buds  ; if  a part  of  them  next  the 
Hem  of  the  plant  be  half  cut  through,  or  raifed  out  of  the  ground, 
and  expofed  to  the  air  ; as  in  pyramidal  campanula,  and  geranium  io- 
batum.  And  for  the  fame  reafon  the  lateral  branches  of  numerous 
fhrubs,  as  well  as  of  herbaceous  plants,  will  put  forth  roots,  when 
they  are  bent  down  into  the  ground,  if  they  are  previoufly  wounded 
to  prevent  the  free  fupply  of  the  vegetable  nutriment  in  its  ufual 
courfe,  as  in  laying  carnations,  dianthus. 

A method  of  converting  the  viviparous  branches  of  pear  and  apple 
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trees  into  oviparous  branches  is  defcribed  by  Mr.  Fitzgerald  in  the 
Philofph.  Tranfatt.  Vol.  LI I.  and  Teems  to  be  Tuperior  to  the  exfec- 
tion  of  a cylinder  of  the  bark  above  mentioned  ; as  the  alburnum  is 
not  left  naked  after  the  operation.  In  the  month  of  Auguft  he  made 
a circular  inciiion  round  the  principal  branches  of  feveral  pear-trees, 
apple-trees,  plum-trees,  and  cherry-trees,  near  the  Perns  of  each, 
quite  through  the  bark.  About  three  or  four  inches  higher  he  then 
made  another  inciiion  round  the  bark,  and  then  a perpendicular  one, 
joining  thefe  two  circular  ones,  and  feparated  the  cylinder  of  bark 
nicely  from  the  wood,  covering  it,  and  the  bare  part  of  the  wood, 
from  the  air  for  about  a quarter  of  an  hour,  W'hen  the  wound  began 
to  bleed.  He  then  replaced  the  bark  with  great  exa&nefs,  and  bound 
it  round  rather  tightly  with  bafs,  fo  as  to  cover  the  wound  entirely, 
and  half  an  inch  above  and  below  the  circumcifions. 

In  about  a mouth  the  bark  began  to  fwell  above  and  below  the 
bandages,  he  then  unbound  them,  and  found  the  parts  quite  healed. 
He  rebound  them  (lightly  with  bafs,  and  let  them  remain  fo  till  the 
beginning  of  the  next  fummer,  when  he  again  took  off  the  bandages* 
and  found  them  all  healthy  ; and  every  one  of  them  bore  plentifully 
that  fealon,  though  it  was  in  general  reckoned  a fcarce  fruit  year. 

He  treated  two  young  pear-trees  in  this  manner,  which  never  had 
yet  had  any  bloom  ‘t  on  one  of  them  he  operated  on  the  main  arms, 
and  on  feveral  of  the  lefs  branches  from  thofe  main  arms ; and  on 
only  one  of  the  main  arms  of  the  other.  The  firft,  he  fays,  bore  a 
furprizing  quantity  of  fruit  in  the  next  fummer  ; and  the  circumcifed' 
arm  of  the  other  bore  a moderate  quantity  ; though  no  other  part  of 
the  tree  had  any  appearance  of  bloom. 

Mr.  Fitzgerald  afterwards  took  a cylinder  of  the  bark  from  the 
branches  of  two  young  apple  trees  about  the  fame  lize,  as  exactly  as 
he  could  by  meafure ; and  changing  them,  bound  them  each  on  the 
other  tree.  The  bark  of  one  had  a leaf-bud  and  two  apples  growing 
on  it ; the  barks  of  both  of  them  healed  perfectly,  the  leaf-bud  put 

forth 


Sect.  XV.  2.4.  OF  FRUITS.  403 

forth  leaves,  and  the  apples  remained  on  and  ripened  ; and  both  the 
branches  bore  fo  plentifully,  that  one  broke  with  its  load,  and  it 
was  necefiary  to  prop  the  other. 

The  theory  of  the  fuccefs  of  thefe  curious  experiments  confirms 
that  delivered  above  concerning  the  fears  made  by  the  junction  of 
ingrafted  feions  with  the  (locks;  and  it  is  probable,  that  three  or 
four  circular  incifions  through  the  bark  on  viviparous  pear  or  apple 
trees,  or  a fpiral  incifion,  as  deferibed  in  SeCt.  IX.  2.  8.  might  anfwer 
the  purpofe  without  detracting  and  replacing  the  bark  ; as  fears  or 
callous  circles  would  be  thus  produced,  which  might  render  it  more 
difficult  for  the  new  caudexes  of  the  embryon  leaf-buds  to  be  gene- 
rated, or  their  parts  united,  and  confequently  increafe  the  number  of 
flower-buds. 

Mr.  Fitzgerald  further  obferves,  that  he  changed  cylinders  of  the 
bark  with  equal  fuccefs  of  neCtarine  and  peach  trees;  and  that  the 
branches  thus  operated  upon  were  retarded  in  their  general  growth  ; 
which  coincides  with  the  idea  of  repeatedly  grafting  one  feion  above 
another  on  the  apple-trees  defigned  for  dwarfs  to  be  fet  in  garden 
pots,  as  deferibed  in  No.  2.  2.  of  this  Section. 

4.  The  tran/planting  a viviparous  fruit-tree , or  defroying  forne  of  its 
roots  before  Midfummer , or  the  confining  its  roots  in  a garden  pot , or 
on  a fioor  of  bricks  beneath  the  foil , will  induce  it  to  become  oviparous. 

Mr.  Knight,  in  his  treatife  on  the  Culture  of  the  Apple  and  Pear, 
p.  $3,  has  the  following  pafifage.  “ In  the  garden  culture  of  the 
apple,  where  the  trees  are  retained  as  dwarfs  or  efpaliers,  the  more 
vigoroufly  growing  kinds  are  often  rendered  unproductive  by  the  ex- 
ceffive,  though  neceffary,  ufe  of  the  pruning  knife.  I have  always 
fucceeded  in  making  trees  of  this  kind  fruitful  by  digging  them  up, 
and  replacing  them  with  fome  frefh  mould  in  the  fame  fituatiou. 
The  too  great  luxuriance  of  growth  is  checked,  and  a difpofition  to 
bear  is  in  confequence  brought  on.”  The  fame  obfervation  was  made 
by  Mr.  Lawrence,  who  took  up  trees  which  were  too  vigorous ; 
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that  is,  which  produced  viviparous  buds  inftead  of  oviparous  ones, 
and  replanted  them  to  render  them  fruitful.  Art  of  Gardening.  Loud. 
1723. 

In  tranfplanting  trees  for  any  purpofe  it  may  be  obferved,  that 
they  fhould  not  be  replanted  deep  in  the  foil,  fince  the  moft  nutri- 
tive or  falubrious  parts  of  the  earth  are  thofe  within  the  reach  of  the 
fun’s  warmth,  of  the  defcending  moifture,  and  of  the  oxygen  of  the 
atmofphere.  And  as  the  root-fibres  of  trees,  like  thofe  of  feeds,  al- 
ways grow  towards  the  moifteft  part  of  the  foil,  as  the  young  (hoots 
and  leaves  grow  towards  the  pureft  air  and  brighteft  light ; it  fol- 
lows, that  the  root-fibres  feldom  rife  higher  in  the  ground  than  they 
were  originally  fet,  and  feldom  elongate  themfelves  even  perfectly 
horizontally  ; fo  that  when  a fruit-tree  is  planted  too  deep  in  the 
earth,  it  feldom  grows  with  healthy  vigour,  either  in  refpeCt  to  its 
leaf-buds  or  its  flower-buds. 

This  curious  effect  cannot  be  produced  by  generally  debilitating 
the  tree  from  its  want  of  due  nourifhment ; becaufe  it  is  faid  to  fuc- 
ceed  bed:  in  very  good  foil,  or  by  the  addition  of  new  garden  mould, 
as  before  directed  ; but  by  rendering  more  difficult  the  production 
of  radicles  from  the  caudexes  of  the  embryon  leaf-buds  ; which  de- 
fcend  to  the  finefl:  ramifications  of  the  old  roots,  and  elongate  them- 
felves beyond  the  extremities  of  their  ultimate  fibrils ; a great  num- 
ber of  which  roots  being  torn  off  by  tranfplantation,  or  comprefled 
in  a garden  pot,  the  production  or  progrefs  of  many  of  the  new  radi- 
cles muff  be  impeded  or  prevented  ; and  the  numerous  caudexes  of 
new  leaf-buds  be  in  confequence  formed  with  greater  difficulty, 
whence  an  increafed  tendency  to  generate  flower-buds. 

For  the  fame  reafon  if  beans,  vicia  faba,  which  are  but  a few 
inches  high,  be  tranfplanted  ; they  do  not  become  fo  tall,  but  they 
flower  and  ripen  their  feeds  fooner ; becaufe  they  can  not  fo  eafily 
generate  new  leaf-buds.  The  fame  occurs  in  frequently  tranfplant- 
ing brocoli,  braflica ; the  plant  does  not  grow  fo  tall,  but  has  earlier 
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flowers,  and  in  greater  number  j and  it  is  hence  better  to  pluck  them 
up,  than  to  dig  them  up,  for  the  purpofe  of  replanting  them ; as  by 
that  means  more  of  the  root-fibres  are  torn  off,  and  the  plants  be- 
come almoft  totally  oviparous. 

It  is  well  known,  that  the  veffels  of  afiimal  bodies  are  lefs  liable  to 
bleed,  when  they  are  torn  afunder,  than  when  they  are  cut  with  a 
fharp  inftrument ; as  their  diameters  are  contra&ed,  or  their  internal 
furfaces  brought  into  contact  with  each  other,  in  the  a£t  of  extend- 
ing them,  till  they  break.  Thus  if  the  navel -firings  of  new  born  ani- 
mals are  cut  in  (lead  of  torn,  they  are  liable  to  bleed  to  death  ; and 
there  is  a remarkable  cafe  of  a miller’s  fervant,  who  had  his  arm  and 
fhoulder  bone,  or  fcapula,  torn  off  in  a windmill  without  much  lofi>' 
of  blood.  This  is  mentioned  to  (hew,  that  it  may  alfo  be  better  to  tear 
up  roots,  which  are  tranfplanted  for  this  purpofe,  than  to  dig  them 
up ; as  they  may  thence  effufe  lefs  vegetable  blood,  and  in  confe-- 
quence  be  lefs  weakened  by  the  operation. 

In  tranfplanting  ftrawberries  many  of  the  roots  being  torn  off,  fewer' 
leaf-buds,  and  confequent  wires,  are  produced  from  the  difficulty, 
which  their  embryon  caudexes  find  in  producing  new  radicles  over 
the  old  ones  to  fupply  nutriment  to  the  wires,  till  they  bend  down 
and  protrude  roots  into  the  ground  at  their  other  extremities;,  whencfc 
a greater  number  of  flower-buds  are  generated  ; on  this  account  the 
roots  of  ftrawberries  fhould  generally  be  tranfplanted,  or  new  ones 
from  the  wires  fhould  be  cultivated, .every  third  or  fourth  year,  to  pre* 
vent  the  too  luxuriant  growth  of  their  wires  ; or  a fimilar  difficulty 
of  producing  wires  or  leaf-buds  may  be  effected  by  crowding  the 
roots  of  ftrawberries  together*  as  fome  gardeners  recommend  ; but 
I fuppofe  by  thefe  means  the  fruit  may  become  fmaller  from  fcarcity 
of  nutriment*  though  more  numerous. 

A floor  of  bricks,  or  of  ftone,  extended  about’ two  feet  deep  be- 
neath rhe  roots  of  wall  trees,  has  been  pradtifed  in  fome  gardens  from 
an  idea,  that  the  roots  ffiot  themfelves  too  deep,  into  fome  unwhole* 
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fome  ftratum  of  earth  ; and  it  has  been  obferved,  that  the  trees  be- 
came better  fruit- bearers.  In  fome  fituations  it  is  poffible,  this  might 
be  the  caufe  of  the  new  prolific  property  of  the  trees  ; but  I fufpedt 
it  has  occurred  generally  from  the  difficulty  oppofed  to  the  number 
and  elongation  of  the  root-fibres,  and  confequently  to  the  generation 
of  the  new  caudexes  of  the  embryon  leaf-buds ; whence  a greater 
production  of  flower-buds  enfued. 

In  fimilar  manner  it  is  afferted  by  one  of  theLinnean  fchoolin-the 
Amcenitates  Academic^  that  fome  bulbous  rooted  plants,  which 
feldom  produce  feeds  in  Sweden,  will  produce  prolific  feeds,  if  their 
roots  be  confined  in  a garden  pot,  till  they  crowd  each  other ; as 
thofe  of  the  lily  of  the  valley,  convallaria.  And  that  the  orchis  will 
bear  prolific  feeds,  if  the  new  root  early  in  the  feafon  be  fevered  from 
the  old  one,  which  has  put  up  the  flower-ftem*  This  muft  occur 
in  the  former  cafe  from  the  difficulty,  which  the  plants  find  to  ge- 
nerate new  offsets  at  their  roots,  which  are  their  viviparous  progeny.; 
and  in  the  latter  cafe  from  the  new  offset  being  deftroyed  ; whence 
in  both  fituations  more  nutriment  is  expended  on  the  flower. 

On  the  fame  account  it  is  probable,  that  confining  the  roots  of  cu- 
cumbers and  melons  in  fmall  garden  pots  would  flop  the  too  lux- 
uriant growth  of  their  leaf-buds,  and  render  them  fooner  oviparous, 
if  care  was  taken  to  fupply  them  with  water  more  frequently,  and 
with  fufficient  nutriment  by  mixing  with  the  water  fome  of  the  car- 
bonic black  fluid,  which  has  drained  from  a manure  heap. 

5 . If  the  central  viviparous  branches  of  a plant  be  cut  away  or  Jhort- 
ened , the  lateral  ones  will  fooner  or  more  completely  become  oviparous. 
1.  There  are  many  very  fmall  buds  on  the  lower  parts  of  large 
branches,  which  do  not  feem  to  grow  to  maturity,  and  in  confequence 
produce  neither  new  leaf-buds  nor  new  flower-buds.  There  are  other 
lateral  fhoots  on  many  trees,  which  only  puffi  out  a few  inches,  and 
are  called  fpurs,  and  which  bear  fruit  the  fucceeding  fummer  at  their 
extremities.  In  many  other  plants  the  lateral  branches  are  oviparous, 
6 - except 
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except  at  the  extremity,  which  is  terminated  with  a viviparous  bud; 
while  the  central  branches  continue  long  to  generate  only  a vivipar- 
ous progeny,  as  in  vines  and  melons. 

The  firft  of  thefe,  or  the  unprolific  exigence  of  the  buds  at  the 
Bottom  of  large  branches,  may  be  owing  in  part  to  their  feebler  ef- 
forts of  pullulation  from  the  want  of  fufficient  funfhine  and  venti- 
lation ; and  alfo  in  part,  like  the  fpurs,  and  other  lateral  branches,  to 
the  difficulty  they  encounter  in  producing  the  embryon  caudexes  of 
new  leaf-buds  along  the  trunk  ; which  is  already  occupied  by  thofe 
of  the  more  vigorous  vegetation  of  the  central  branches,  which  pof- 
fefs  a greater  ffiare  of  funfhine  and  ventilation. 

But  the  principal  caufe,  which  renders  the  fpurs  and  lateral  branches 
oviparous,  refults  from  the  refiftance  the  embryon  caudexes  of  leaf- 
buds  experience  by  the  curvature  of  the  lateral  branch,  where  it  joins 
the  trunk,  and  the  confequent  coarflation  of  its  veflels,  added  to  the 
difficulty  every  lateral  bud  has  to  encounter  from  its  own  curvature 
at  its  exit  from  the  parent  twig;  on  which  laft  account  the  central 
bud  at  the  extremity  of  an  oviparous  branch  is  generally  viviparous, 
becaufe  it  has  not  any  curvature  at  its  exit.  All  this  correfponds  with 
the  fa£fc  above  defcribed,  that  when  the  viviparous  arms  of  wall-trees 
are  bent  down  to  the  horizon,  they  become  oviparous.  See  No.  2.  1. 
of  this  Section. 

2.  What  then  happens  in  all  thefe  fituations  when  the  central  parts 
are  cut  away  or  fhortened  ? Firft  the  dwarf  buds  at  the  bottom  of 
thefe  large  viviparous  branches,  which  are  in  part  cut  away,  will  find 
more  room  to  pufh  down  the  embryon  caudexes  of  new  leaf-buds  ; 
and  will  produce  a viviparous  progeny  ; and  thofe  at  the  bottom  of 
oviparous  branches,  which  are  fhortened  by  cutting  off  their  vivipar- 
ous extremities,  will  alfo  now  pullulate,  and  produce  flower-buds  for 
the  fucceeding  year,  owing  to  the  derivation  of  fome  of  that  nourifh- 
ment  to  them,  which  would  otherwife  have  been  expended  on  the 
fummit-bud.  Secondly,  the  fpurs  will  generate  an  oviparous  pro- 
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geny,  but  will  acquire  more  nutriment,  becaufe  all  the  veflels  of 
plants  inofculate,  as  mentioned  in  Sedt.  IX.  2.  10.  and  will  thence 
produce  larger  fruit,  and  more  certainly  ripen  it.  Thirdly,  the  other 
lateral  branches  will  receive  more  nourilhment,  and  become  more 
vertical,  and  will  thence  find  lefs  oppofition  to  the  produ&ion  of  the 
caudexes,  both  of  their  flower-buds  and  leaf-buds ; either  of  which 
may  become  ftronger  or  more  numerous  according  to  the  greater  or 
lefs  inclination  of  the  branches  to  the  horizon  ; and  both  of  them 
may  be  more  vigorous  properly  fpeaking  ; that  is,  they  may  become 
larger  leaf-buds,  or  larger  flower-buds,  than  others  of  the  fame  tree. 

3.  Thus  in  the  management  of  melons,  which  would  grow  into 
branches  much  too  extenfive  for  the  artificial  glafs-frames  of  our 
climate,  and  would  not  have  time  to  ripen  their  later  fruit  in  our  fhort 
fummers ; it  is  neceflary  firft  to  check  the  vigour,  properly  fo  fpeak- 
ing, of  the  whole  plant.  This  is  done  by  wafhing  the  feed  from  the 
ripe  fruit,  which  fhould  naturally  contribute  to  nourifh  it ; and  by 
keeping  the  feed  four  or  five  years,  that  the  mucilaginous  nutriment 
depofited  in  the  cotyledons  may  alfo  be  in  fome  degree  impaired ; it 
is  alfo  ^probable,  that  confining  the  roots  of  melons  and  cucumbers 
in  garden-pots,  if  they  were  well  fupplied  with  nutriment,  warmth, 
and  water,  might  be  advantageous  for  this  purpofe. 

Secondly,  as  foon  as  the  leaf  appears  an  inch  in  diameter,  experienc- 
ed gardeners  pick  out  the  central  bud,  which  caufes  an  oviparous, 
though  a more  vigorous,  lateral  fhoot ; which  therefore  fooner  bears 
fruit,  and  that  of  a larger  kind  ; as  it  acquires  more  nourifhment 
from  the  deflru£tion  of  the  central  one. 

And  as  thefe  lateral  branches  are  liable  to  produce  other  viviparous 
fhoots  at  their  extremities,  after  they  have  generated  lateral  flower- 
buds,  it  again  becomes  neceflary  to  pinch  off  the  viviparous  extre- 
mities of  them,  not  only  to  accommodate  them  to  the  fize  of  the 
glafs-frame,  but  alfo  to  fupply  them  with  more  nutriment,  which 
would  otherwife  have  been  expended  on  the  viviparous  fummit. 
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The  central  bud,  or  fummlt,  of  the  lateral  branches,  is  generally 
viviparous,  as  well  as  of  the  central  branches  ; becaufe  the  embryon 
caudexes  of  its  new  offspring  are  oppofed  in  the  production  along  the 
bark  by  only  one  curvature  at  the  infertion  of  the  branch  into  the 
trunk;  whereas  the  lateral  buds  of  the  lateral  branches  have  the  pro- 
grefs  of  the  embryon  caudexes  of  their  new  buds  oppofed  by  two  cur- 
vatures, one  of  the  bud  to  the  branch,  and  another  from  the  branch 
to  the  trunk. 

There  is  another  reafon,  why  the  lateral  buds  of  many  plants  pro- 
duce flowers  fooner  than  the  fummit;  which  is,  that  the  lateral  buds 
of  thofe  plants,  where  the  pith  of  the  upright  central  (hoot  is  not 
divided,  are  propagated  from  the  central  fhoot,  and  are  therefore  one 
generation  older  ; and  have  thus  acquired  the  maturity  neceffary  for 
amatorial  reproduction.  In  other  plants,  where  the  pith  of  the  Item 
is  divided  at  every  joint,  the  fummit  bud  has  been  preceded  by  more 
generations,  and  is  therefore  more  mature  for  the  purpofe  of  produc- 
ing flowers,  than  the  lateral  ones,  as  in  a Item  of  wheat  ; and  pro- 
bably in  the  artichoke,  and  on  the  fpurs  of  fome  fruit  trees,  as  of 
pears. 

4,.  It  was  obferved  in  SeCt.  IX.  3.  r.  that  in  the  ftems  of  wheat 
three  or  four  joints  are  formed  above  each  other  previous  to  that, 
which  bears  the  ear  ; and  that  in  many  other  annual  or  biennial 
plants  two  or  three  viviparous  lateral  fhoot s,  occur,  as  in  artichoke, 
cinara  ; and  falfafi,  tragopogon,  before  the  central  one  flowers.  The 
fame  happens  to  the  vine-fhoots  ; two  or  three  joints  with  a leaf  and 
a viviparous  bud  at  each  are  always  fir  ft  produced  ; and  as  each  of 
thefe  have  a divifion  of  the  pith  between  every  joint,  as  remarked  in 
Se£l.  I.  8.  I fuppofe,  that  thefe  joints  are  feparate  plants  growing  on 
each  other  like  the  joints  of  the  ftem  of  wheat  ; and  that  hence  in 
vine-fhoots  three  or  four  fucceffive  generations  of  leaf-fhoots  mu  ft 
exift,  before  the  new  fhoot  can  attain  fufficient  maturity  to  form  a 
flower;  as  the  amatorial  generation  of  feeds  was  fhewn  to  require 
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higher  animation,  if  it  may  be  fo  called,  than  the  lateral  generation 
of  leaf-buds.  The  fame  mode  of  growth  occurs  in  the  young  fhoots 
of  oaks,  and  which  is  thus  curioufly  accounted  for. 

The  lateral  branches  of  many  mature  trees,  though  they  bear 
flower-buds  on  their  tides,  are  generally  terminated  with  a leaf-bud, 
as  above  explained  ; but  it  happens  in  fome  of  them,  and  particularly 
to  vines,  that  after  two  or  three  flower-buds  are  produced  on  a lateral 
branch,  that  it  fhall  proceed  to  grow  in  length,  and  to  produce  leaf- 
buds  at  every  joint  above  the  flower-buds,  as  well  as  at  the  fummit ; 
which  may  be  thus  perhaps  fatisfadtorily  explained.  After  the  third, 
and  fourth,  and  fifth  joints  of  a new  lateral  fhoot  have  generated 
flowers,  which  require  few  or  no  more  caudexes;  room  enough  is  left 
on  the  bark  of  the  fhoot  for  thofe  above  them  to  acquire  the  numer- 
ous new  miniature  caudexes  of  embryon  leaf-buds,  and  where  the  new 
caudexes  of  embryon  buds  can  eafily  be  produced  along  the  bark,  and 
fufficient  nutriment  is  fupplied  ; all  vegetables  are  more  liable  to  pro- 
pagate themfelves  by  buds  than  by  feeds. 

Hence  in  the  management  of  vines,  as  well  as  of  melons,  it  is 
ufeful  at  two  or  three  joints  above  the  laft  bunch  of  fruit  to  pinch 
off  the  viviparous  end  of  the  new  branch,  not  fo  much  to  accommo- 
date the  length  of  it  to  the  houfe,  as  to  fupply  the  growing  fruit  with 
more  nourifhment  from  the  modulations  of  the  velfels  of  the  cau- 
dexes of  thefe  viviparous  buds,  which  are  now  cut  off,  with  thofe  of 
the  oviparous  ones,  which  remain. 

A curious  vegetable  fad!,  which  appears  in  the  culture  of  vines  in 
hot-houfes  here  prefents  itfelf  to  our  notice.  When  a vigorous  fhoot 
advances  without  producing  fruit-buds  at  the  third  or  fourth  joint,  it 
is  frequently  permitted  to  grow  in  length  to  above  twenty  feet ; but 
at  every  joint  the  new  or  fecondary  bud  is  pinched  off,  either  foon 
after  its  appearance,  or  after  it  has  fhot  out  one  or  two  joints.  By 
this  management  of  permitting  the  central  fummit  of  the  fhoot  to 
grow  till  Auguft  or  September,  the  eyes,  whofe  buds  have  been 
9 pinched 


OF  FRUITS. 


Sect.  XV.  2. 5. 


41 1 


pinched  off,  do  not  put  out  a frefli  during  that  fummer ; but  new 
buds  are  formed  at  each  eye,  which  germinate  the  next  fummer,  and 
almoft  all  of  them  produce  fruit. 

If  how-ever  fome  of  the  (hoots  in  the  bofom  of  thefe  leaves  are 
pinched  off  too  foon  after  their  appearance,  they  are  occafionally  lia- 
ble to  generate  new  leaf-buds,  which  (hoot  out  afrefh  from  the  fame 
eye;  and  it  is  faid,  that  thefe  eyes,  which  have  thus  produced  two 
leaf-buds  in  fucceffion  in  one  fummer,  will  not  generally  produce 
buds  of  any  kind  in  the  fucceeding  fummer;  for  as  feveral  of  thefe 
joints  in  vigorous  vines  bear  two  or  three  buds  from  the  fame  eye  at 
the  fame  time,  fo  others  bear  them  in  fucceffion. 

The  theory  of  thefe  important  faCts  may  not  be  eafy  to  invefli- 
gate  ; it  is  commonly  fuppofed,  that  pinching  off  the  lateral  (hoots 
at  every  bud  of  a new  vine-branch  (Irengthens  the  next  year’s  expect- 
ed bud,  by  not  expending  fo  much  nutritive  juice  ; and  that  giving 
the  vines  a fortnight’s  artificial  heat,  after  the  fummer  heat  leffens, 
ripens  the  wood  for  the  production  of  the  next  year’s  fruit  ; but  thefe 
are  words,  I imagine,  without  accurate  ideas.  I fuppofe,  when  each 
lateral  fhoot  of  this  year’s  branch  of  a vine  is  pinched  off,  that  its 
caudexes,  which  had  already  formed  a part  of  the  bark,  coalefce  ; and 
may  thus  render  it  more  difficult  for  the  caudexes  of  the  fucceeding 
embryon  bud  in  the  fame  eye,  which  is  to  be  expanded  next  fpring, 
to  be  produced  along  the  bark,  by  having  previoufly  occupied  the 
fituation  which  thole  new  caudexes  would  require  ; and  that  thus  the 
fecondary  buds  of  thefe  eyes  become  flower-buds,  which  mffht 
otherwife  have  been  leaf- buds. 

The  continued  heat  a week  or  two  above  the  ufual  time  of  fum- 
mer, which  is  faid  to  ripen  the  wood,  may  contribute  to  dry  and 
harden  it,  as  well  as  to  forward  the  growth  of  the  buds;  and  thus 
both  to  render  the  protrufion  of  embryon  roots  more  difficult,  and 
conlequently  to  produce  flower-buds,  and  thole  of  a larger  kind. 

Whether  a fimilar  method  to  this  praClifed  on  vines  could  be  ap- 
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plied  with  advantage  in  the  management  of  other  fruit-trees  is  a cir- 
cumftance  of  great  importance,  and  can  only  be  determined  by  ex- 
periment. But  as  the  firfl:  foliage  of  euonymus  is  generally  deftroyed 
by  indents  in  this  country,  and  yet  a fecond  growth  of  foliage  is  pro- 
duced ; and  aS  I witnefled  lad;  year,  that  the  whole  fird:  leaves  of  an 
apple-tree  were  dedroyed,  as  was  believed,  by  lightning,  and  which 
yet  put  forth  an  entire  new  fet  of  leaves  in  a few  weeks  ; is  there  not 
reafon  to  conclude,  that  if  the  leaf-buds  were  picked  out  early  in  the 
feafon  from  a ftrong  fhoot  of  peach  or  apricot,  either  new  leaf-buds 
might  be  produced  in  that  fummer,  or  flower-buds  in  the  ducceed- 
ing  one,  as  happens  to  the  vine-fhoots  above  defcribed  ; and  that  our 
wall-trees  might  be  thus  rendered  more  certainly  prolife.  And  laftly, 
might  not  the  clipping  out  with  fine  feiflars  the  extremities  of  young 
vine-fhoots,  which  would  other  wife  be  barren  ones,  convert  dome  of 
their  tendrils  into  bunches  by  thus  dupplying  them  with  additional 
nutriment,  by  preventing  its  expenditure  in  the  elongation  of  the 
viviparous  branch  ? This  experiment  might  be  the  more  readily 
tried,  as  dome  aflert,  that  the  barren  buds  may  be  diftinguifhed  from 
the  prolific  ones  by  their  form  before  they  expand. 

6.  Arts  of  producing  flower-buds. 

The  following  quotation,  partly  from  the  Botanic  Garden,  Vok  I. 
Canto  4.  1.  465,  may  amude  the  reader,  and  conclude  the  decond  part 
of  this  Section. 

If  prouder  branches  with  exuberance  rude 
Point  their  green  germs,  their  barren  fhoots  protrude  > 

Lop  with  fharp  fteel  the  central  growth,  or  bind 
A wiry  ringlet  round  the  dwelling  rind ; 

Bifedt  with  chifel  lharp  the  root  below. 

Or  bend  to  earth  the  inhofpitable  bough. 

So,  while  oppofed,  no  embryon  leaf- bud  Ihoots 
Down  the  reludfant  bark  its  fibre-roots  ■, 
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New  germs  fliall  fwell  with  amatorial  power. 

And  fexual  beauties  deck  the  glowing  flower; 

While  the  clos’d  petals  from  noCturnal  cold 
With  fllken  veil  the  virgin  Jligma  fold. 

Shake  into  viewlefs  air  the  morning  dews. 

And  wave  in  light  their  iridcfcent  hues; 

With  graceful  bend  the  anther  by  her  fide 
Shall  watch  the  blulhes  of  his  waking  bride. 

Give  to  her  hand  the  honey’d  cup,  or  lip 
Celeftial  neCtar  from  her  fweeter  lip. 

Hang  in  wild  raptures  o’er  the  yielding  fair. 

Love  out  his  hour,  and  leave  his  life  in  air. 

III.  TO  PERFECT  AND  ENLARGE  THE  FRUIT. 

It  is  believed  by  fome  of  the  Linnean  fchool,  that  flower-buds  or 
leaf-buds  may  be  converted  into  each  other  in  the  early  ftate  of  their 
exiftence,  as  mentioned  in  Seel.  IX.  2.8.  It  is  indeed  probable,  that 
either  a flower-bud  or  leaf- bud  may  be  generated  in  Head  of  each 
other  reciprocally,  before  either  of  them  exifts ; but  after  either  of 
them  has  obtained  a certain  degree  of  maturity,  fo  as  to  be  diftin- 
guilhed  by  its  form  being  more  pointed  or  more  fpherical ; I fufpeCt 
no  addition  or  detraction  of  nutriment,  or  of  the  facility  of  the  pro- 
duction of  its  embryon  caudexes  down  the  bark  and  radicles  beneath 
can  change  its  deftination. 

1.  Shorten  the  oviparous  branches , when  the  leaves  fall  off  \ by  prun- 
ing their  viviparous  fummits , and  cut  away  the  rooT -fuckers.  The 
fummits  of  the  lateral  branches,  as  well  as  the  ereCt  ones,  are  fur- 
nifhed  generally  with  viviparous  buds  ; which  in  many  wall-trees 
fhould  be  cut  off,  after  the  leaves  fall  in  autumn  ; that  more  nutri- 
ment may  be  derived  to  the  fruit-buds,  which  may  cccafionally  be- 
come fomewhat  enlarged  during  the  milder  days  of  winter  ; as  they 
are  now  certainly  too  far  advanced  to  be  changed  into  leaf-buds ; and 
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if  this  pruning  be  deferred  till  late  in  the  winter  months,  the  flower- 
ubds  will  not  be  quite  fo  forward,  as  if  it  be  performed  earlier.  For 
the  fame  reafon  the  root-fuckers  alfo  (hould  be  cut  a wav  in  the  au- 

j 

tumn,  that  all  the  nutriment,  which  they  would  otherwife  expend, 
may  be  derived  to  the  flower-buds,  and  induce  them  early  to  en- 
large themfelves. 

2.  Pinch  or  rub  off  all  ufelefs  viviparous  buds  in  the  fpring  or  fum- 
mer , as  they  cccur.  In  thofe  trees  where  the  fruit-buds  arife  on  the 
new  leaf-fhoots  along  with  the  leaf-buds,  and  cannot  therefore  be 
fooner  diftinguifhed  or  approached,  as  in  figs  and  vines,  the  fum- 
mit  leaf-buds  fhould  be  pinched  off  two  joints  above  the  fruit-buds, 
as  foon  as  they  appear,  that  more  nutriment  may  be  conveyed  to  the 
fruit-buds.  See  No.  3.  4.  of  this  Se&ion. 

And  in  the  hardier  wall-trees  the  new  leaf-buds,  which  appear 
during  the  fpring  and  fummer  months  in  wrong  places,  where  they 
cannot  be  trained  properly  again  A:  the  wall,  or  w here  they  are  too 
numerous,  fhould  be  rubbed  or  pinched  off,  as  they  occur;  whence 
more  nourifhment  will  be  derived  to  the  ripening  fruit,  and  to  thofe 
new  leaf-buds  which  are  to  remain  to  produce  future  flower-buds. 

And  if  the  new  buds,  which  are  feen  in  their  young  (fate  in  the 
axilla  of  the  leaves  of  the  new  (hoots,  were  picked  out  by  the  point  of 
a knife,  or  pinched  off,  where  they  grow  long  enough  for  that  pur- 
pofe,  as  the  feeondary  (hoots  of  vines  in  grape  houfes  are  pinched  ; it 
might  probably  induce  thofe  eyes  to  produce  flowers  in  the  fucceed- 
ing  year,  as  fpoken  of  in  No.  2.  5.  of  this  Sedlion,  as  well  as  con- 
tribute to  enlarge  the  preient  fruit  by  the  expenditure  of  lefs  nutri- 
ment on  the  leaf-buds,  an  idea  well  deferving  the  tefl  of  experi- 
ment. 

In  the  fame  manner  in  the  cultivation  of  melons  and  cucumbers  af- 
ter the  central  bud  is  pinched  off,  as  mentioned  above,  No.  2.  5.  the 
viviparous  extremities  of  the  lateral  branches  fhould  be  alio  deftroy- 
ed,  as  foon  as  a fufficient  number  of  female  flowers  are  impregnated  ; 
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that  a greater  {hare  of  nutriment  may  be  derived  to  them,  inftead  of 
crowding  the  frame  with  new  branches,  whofe  fruit-buds  would  be 
too  late  to  ripen  in  our  fhort  fummers. 

3.  Thin  all  thofe  fruits , which  are  too  numerous ; pluck  off  apricots, 

- peaches , goofeberries  ; and  cut  out  many  grapes  from  each  bunch  with 
Jciffars.  By  the  inosculation  of  the  veffels  of  vegetables  mentioned  in 
SeCt.  I.  3,  when  any  parts  of  a tree  are  deftroyed,  thofe  in  their  vi- 
cinity become  more  vigorous.  On  this  account  when  part  of  the 
fruit  is  taken  away  as  early  as  may  be,  the  remaining  part  acquires 
more  nutriment.  Add  to  this,  that,  where  fruit  is  crowded,  fome  of 
it  becomes  precluded  from  the  fun  and  air,  and  in  confequence  does 
not  perfectly  ripen,  and  is  liable  to  become  mouldy  ; for  mucor  is  a 
vegetable  production,  which  like  other  fungi  does  not  require  either 
much  light  or  air,  as  appears  from  the  growth  of  fome  funguffes  in 
dark  cellars,  and  of  common  mufhrooms  beneath  beds  of  ftraw,  as 
mentioned  in  Sett.  XIII.  1.  4. 


4.  Prevent  the  production  of  new  leaf-buds . 

In  fome  pear  trees  the  whole  of  the  bloffoms  become  Iterile,  and 
fall  off  without  any  apparent  injury  from  cold,  and  this  for  many 
fucceffive  years.  The  fame  occurs  fometimes  to  chefnut  trees,  aef- 
culus  pavia,  after  the  flower  the  fructification  entirely  falls  off;  fome 
of  thefe  might  be  male  flowers,  as  Miller  obferves,  but  the  whole 
could  not  be  fuch.  The  fame  happens  very  frequently  to  the  fig- 
trees  of  this  climate,  fometimes  the  whole  crop  falls  off,  when  they 
are  about  the  fize  of  filberts ; that  is,  while  they  are  {till  in  flower, 
which  though  concealed  within  the  fig,  mult:  precede  the  fwelling 
of  the  feeds,  whether  thefe  be  impregnated  or  not. 

A correfpondent  faCt  occurred  to  me  a few  years  ago.  I had  fix 
young  trees  of  the  lfchia  fig  with  fruit  on  them  in  pots  in  a ftove. 
On  removing  them  into  larger  boxes  the  figs  fell  off,  which  I afcrib- 
ed  to  the  increafed  vigour  of  the  plants ; as  they  protruded  very  vigor- 
ous fhoots  occafioned  by  the  accumulation  of  new  foil  round  their 
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roots.  Perhaps  thefe  plants  might  rather  be  faid  to  have  been  in 
flower  than  in  fruit,  and  perhaps  thefe  flowers  were  all  male  ones 
only,  or  accompanied  only  with  imperfect  female  ones  ? 

Whence  I conclude,  that  about  the  feafon  when  the  corals  of  thefe 
flowers  with  their  ftamens  and  ftigmas  die,  the  trees  generate  and 
nourifh  too  many  new  leaf-buds,  owing  to  the  facility  with  which 
they  can  produce  the  new  caudexes  of  thefe  young  buds  down  the 
bark  ; and  that  by  the  whole  of  the  vegetable  fap-juice  being  derived 
to  the  new  buds  for  their  prefent  growth,  or  to  form  refervoirs  for 
their  future  growth,  the  pericarp  and  feeds,  whether  impregnated 
or  not,  are  deprived  of  their  due  nutriment  and  fall  off.  See  Sedl. 
XVI.  1.4. 

Hence  I propofe  to  tie  waxed  thread  or  fine  wire  round  the  twigs 
of  pear-trees,  which  have  ufually  mifcarried,  as  foon  as  they  are  in 
flower,  fo  as  to  comprefs,  but  not  fo  as  to  ftrangulate  them ; or  to 
wound  the  bark  by  a circular  or  femicircular  incifion,  which  might 
counteract  their  facility  of  procreating  new  leaf-buds ; which  I fuf- 
pedt  would  be  more  effectual  in  preventing  the  flowers  from  falling 
off,  than  pinching  off  the  new  leaf-buds,  as  they  appear ; which  is 
recommended  by  Dr.  Bradley  in  the  management  of  fig-trees,  and  is 
done  to  vines  in  hot-houfes  ; but  which  I found  to  be  ineffectual  on 
many  fig-branches  both  in  the  natural  ground  and  in  pots,  and  afcrib- 
ed  its  failure  to  the  continuance  of  the  efforts  of  the  fig-tree  to  pro- 
duce new  leaf-buds;  whereas  in  vines,  I fuppofe,  the  grapes  would 
ripen,  whether  the  new  leaf-buds  remain  or  are  deftroyed.  See 
No.  3.  2.  of  this  Section. 

Pontedera  obferved,  that  in  the  iflands  of  the  Archipelago  fome  fig- 
trees  bear  in  the  fpring  many  male  flowers,  and  few  female  ones, 
the  former  of  which  fall  off ; and  that  they  bear  a fecond  crop  chiefly 
of  female  flowers  in  the  autumn,  which  ripen  in  the  enfuing  fpring. 
Anthologia.  Can  this  occur  in  the  fig-trees  of  this  country? 

Other  figs  are  faid  not  to  ripen  but  to  fall  off  before  their  maturity, 
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unlefs  they  be  wounded  by  infedls  in  their  caprification,  or  pundtur- 
ed  by  a flraw.  A further  invefligation  of  this  fubjedt  is  much  wanted 
to  propagate  figs  with  fuccefs  in  this  climate.  See  Botanic  Garden, 
Vol.  II.  note  on  capriHcus.  See  alfo  Milne’s  Botan.  Didlion.  Article 
capriflcation. 

5.  Give  additional  moiflure , manure , and  warmth , during  the  early 
fart  of  the  growth  of  fruit.  By  additional  moiflure  the  fruit  becomes 
larger ; in  hot-houfes  this  may  be  effedted  two  ways,  one  by  water- 
ing the  earth  on  which  the  vegetables  grow,  and  another  by  produc- 
ing fleam  by  watering  the  warm  hues  or  floors;  which  will  after- 
wards in  the  colder  hours  be  again  condenfed,  and  fettle  in  the  form 
of  dew  on  the  fruit  and  leaves. 

By  fupplying  vegetables  as  well  as  animals  with  an  abundancy  of 
fluid,  they  are  liable  to  increafe  in  bulk,  both  becaufe  the  external 
cuticle,  which  confines  the  growth  of  both  of  them,  becomes  relax- 
ed, as  is  feen  in  the  hands  of  thofe  women,  who  have  many  hours 
been  employed  in  waffling  ; and  alfo  becaufe  the  cutaneous  abforbent 
veflels  will  thus  imbibe  more  fluid  from  the  external  furface  ; and  the 
cellular  abforbents  will  therefore  imbibe  lefs  from  the  internal  cells, 
and  confequently  more  mucus  or  fat  will  remain  in  them. 

Thus  in  Lancafflire,  where  premiums  are  given  for  large  goofe- 
berries,  I am  told,  that  fome  of  thofe,  who  are  felicitous  for  the  prizes, 
not  only  thin  the  fruit  of  a goofeberry-tree,  fo  as  to  leave  but  two  or 
three  goofeberries  on  a branch,  but  then  by  fupporting  a tea-faucer 
under  each  of  thefe  goofeberries,  bathe  it  for  fome  weeks  in  fo  much 
water  as  to  cover  about  a fourth  part  of  it,  which  they  call  fuckling- 
tfle  goofeberry. 

In  fome  parts  of  the  Carnatic,  where  rice  is  cultivated,  they  are 
faid  not  to  derive  the  water  on  it,  till  it  is  in  flower ; becaufe  that 
would  induce  the  flem  to  fhoot  too  luxuriantly,  like  our  wheat-crops 
in  wet-feafons ; but,  as  foon  as  it  is  in  flower,  they  find  it  expedient 
io  flood  it  'with  water  for  the  purpofe  of  filing  and  enlarging  the 
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ears,  (Communications  to  Board  of  Agriculture,  Vol.  I.  p.  355,) 
which  it  may  effedt  both  by  relaxing  the  cuticle  of  the  grain,  and 
preventing  the  too  great  internal  abforption  of  the  mucus  or  Parch 
depofited  in  the  cells  of  it ; and  laftly  by  fupplying  it  with  more  nu- 
triment. 

There  are  two  circumftances  to  be  attended  to  in  giving  water  to 
plants  ; which  are,  not  to  water  them  during  the  hot  part  of  the  day 
in  fummer,  nor  in  the  evenings  of  fpring,  when  a froft:  may  be  ex- 
pected ; in  both  thefe  circumftances  we  may  be  faid  to  copy  nature, 
as  rain  is  generally  preceded  by  a cloudy  fky,  and  is  never  accom- 
panied by  froft;  though  that  fometimes  follows  it,  and  is  then  very 
injurious  to  vegetation. 

When  plants  have  been  long  ftimulated  by  a hot  funfhine  into 
violent  adlion,  if  this  ftimulus  of  heat  be  too  greatly  and  too  fud- 
denly  diminifhed  by  the  affufion  of  cold  water,  or  by  its  fudden  eva- 
poration, their  veflels  ceafe  to  a£t,  and  death  enfuCs ; exadlly  as  has 
too  frequently  happened  to  thofe,  who  have  bathed  in  a cold  fpring  of 
water  after  having  been  heated  by  violent  and  continued  exercife  on 
a hot  day.  When  fevere  froft  follows  the  watering  of  plants,  they 
are  rendered  torpid,  and  die  by  the  too  great  and  fudden  diminution 
of  the  ftimulus  of  heat  ; which  is  equally  neceftary  to  the  activity  of 
vegetable  as  to  animal  fibres  ; and  in  fome  inftances  the  circulation 
of  their  fluids  may  be  flopped  by  the  congelation  of  them  ; and  in 
others  their  veflels  may  be  burft  by  the  expanfion  attending  the  con- 
verflon  of  water  into  ice;  or  laftly,  by  the  reparation  of  their  different 
fluids  bv  congelation.  See  Seel.  XV.  4.  1. 

When  an  addition  of  manure  can  be  procured,  as  where  the  black 
carbonic  juice  from  a dunghill  mixed  with  water,  or  foap-fuds, 
which  have  been  ufed  in  waffling,  can  be  employed  inftead  or  water 
alone;  it  muft  undoubtedly  add  to  the  nutriment,  and  confequently 
r , ' enlarge 
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enlarge  the  fize  of  the  fruit  by  that  means  alfo,  as  well  as  by  the  ad- 
ditional water. 

Where  too  much  moiflure  is  given  without  at  the  fame  time  an 
addition  of  warmth,  fome  inconveniences  are  liable  to  occur,  as  a 
lefs  aromatic  and  faccharine  flavour  of  the  fruit.  When  therefore 
fruits  become  nearly  ripe,  lels  water  fhould  be  given  them,  unlefs  it 
is  convenient  at  the  fame  time  to  increafe  the  heat,  in  which  they  are 
immerfed,  as  may  be  done  in  fome  hot-houfes ; and  then  the  flavour 
of  the  fruit  may  be  heightened,  as  well  as  its  fize  increafed,  as  fhewn 
by  Mr.  Baflard  in  the  Philofophical  Tranfadt.  who  planted  pine-apple 
plants  in  vefiels  of  water,  and  placed  thefe  veflels  near  the  top  of  the 
hot-houfe,  or  on  the  fire-flues,  for  the  purpofe  of  fupplying  them 
with  a greater  heat  ; and  produced  by  thefe  means  both  larger,  as  he 
aflerts,  and  better  flavoured  pine  apples. 

On  this  important  fubjedt  I fhall  tranfcribe  his  words,  and  fliall 
only  add,  that  fleam  from  boiling  water  is  now  fuccefsfully  ufed  in 
fome  hot-houfes  for  the  growth  both  of  vines  and  of  pines,  but  muft 
require  fome  attention  in  the  application  of  it  ; as  it  is  occafionally 
conveydd  through  fmall  apertures,  which  perforate  a brick  arch, 
which  is  conftrudted  fomewhat  like  the  floor  of  a malt-kiln,  where 
the  water  boils  beneath  the  beds  of  bark  or  of  foil;  and  is  occafionally 
admitted  into  the  room  above,  and  thus  fupplies  moiflure  and  heat 
'both  to  the  ground  and  to  the  air  of  the  hot-houfe. 

“ My  hot-houfe  is  covered  with  the  beft  crown  glafs,  which  I ap- 
prehend gives  more  heat  than  the  common  fort  of  green  glafs  gene- 
rally ufed  for  hot  houfes.  In  the  front  part  of  the  houfe,  and 
indeed  any  where  in  the  loweft  parts  of  it,  the  pine-apple  plants  will 
not  thrive  well  in  water.  The  way  in  which  I treat  them  is  as  fol- 
lows. I place  a fhelf  near  the  higheft  part  of  the  back  wall,  fo  that 
the  pine-plants  may  ftand  without  abfolutely  touching  the  glafs,  but 
as  near  it  as  can  be.  On  this  flhelf  I place  pans  full  of  water,  about 
feven  or  eight  inches  deep  ; and  in  thefe  pans  I put  the  pine-apple 
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plants,  growing  in  the  fame  pots  of  earth,  as  they  are  generally 
planted  in  to  be  plunged  into  the  bark-bed  in  the  common  way  ; that 
is,  I put  the  pot  of  earth  with  the  pine-plant  in  it  in  the  pan  full  of 
water;  and  as  the  water  decreafes,  I conftantly  fill  up  the. pan.  I 
place  either  plants  in  fruit,  or  young  plants  as-foon  as  they  are  well 
rooted,  in  thefe  pans  of  water,  and  find  they  thrive  equally  well ; 
the  fruit  reared  this  way  is  always  much  larger,  as  well  as  better  fla- 
voured, than  when  ripened  in  the  bark-bed.  I have  more  than  once 
put  only  the  plants  themfelves  without  any  earth,  I mean  after  they 
had  roots,  into  thefe  pans  of  water,  with  only  water  fufficient  to  keep 
the  roots  always  covered,  and  found  them  flourifh  beyond  expedi- 
tion. A neighbour  of  mine  has  placed  a leaden  ciftern  upon  the  top 
of  the  back  flue,  (in  which,  as  it  is  in  contad  with  the  flue,  the  wa- 
ter is  always  warm,  when  there  is  fire  in  the  houfe,)  and  finds  his 
fruit  excellent  and  large. 

“ The  wav  I account  for  this  fuccefs  is,  that  the  warm  air  al- 
ways  afcending  to  the  part,  where  this  fhelf  is  placed,  as  being  the 
higheft  part  of  the  houfe,  keeps  it  much  hotter  than  in  any  other 
part.  The  temperature  at  that  place  is,  I believe,  feldom  lefs  than 
what  is  indicated  by  the  73d  degree  of  Fahrenheit’s  thermometer; 
and  when  the  fun  fhines,  it  is  often  at  above  ioo°;  the  water  the 
plants  grow  in  feems  to  enable  them  to  bear  the  great  eft  heat,  if  fuf- 
ficient air  be  allowed  ; and  I often  fee  the  roots  of  the  plants  growing 
out  of  the  holes  in  the  bottom  of  the  pot  of  earth,  and  fhooting  vi- 
goroufly  in  the  w'ater. 

“ It  is  not  foreign  to  this  purpofe  to  mention,  that,  as  a perfon  was 
moving  a large  pine-plant  from  the  hot-bed  in  my  houfe  laft  fum- 
mer,  which  plant  was  juft  fhewing  fruit,  by  fome  accident  he  broke 
oft  the  plant  juft  above  the  earth  in  which  it  grew',  and  there  was  no 
root  whatever  left  to  it ; by  way  of  experiment  I took  the  plant,  and 
fixed  it  upright  in  a pan  of  water  (without  any  earth  whatever)  on 
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the  fheif ; it  there  foon  threw  out  roots,  and  bore  a pine-apple  that 
weighed  upwards  of  two  pounds.”  Philof.  T ran  fact.  Vol.  LXVII. 

6.  Proted  the  early  flowers  and  the  late  fruits  from  frofl.  The  vernal 
frofts  are  very  pernicious  to  the  early  bloffoms  of  apples  and  pears,  and 
of  all  the  tender  wall-trees ; various  contrivances  have  been  ufed  to 
fhelter  them,  as  mats  fufpended  before  wall-trees;  which  in  Den- 
mark are  faid  to  be  ufed  to  (belter  them  from  the  mid-day  fun,  as 
well  as  from  the  night-frofts ; both  to  prevent  them  from  flowering 
too  early,  and  being  thence  expofed  to  feverer  frofts ; and  becaufe  ve- 
getables buffer  more  from  great  cold,  as  well  as  animals,  after  having 
been  expofed  to  great  heat,  as  explained  in  Sedt.  XIV.  2.  2. 

Thofe  part?  of  vegetables,  which  are  moft  fucculent,  fuffer  mod 
from  froft,  as  the  young  tops  of  tender  trees,  as  of  the  afh,  fraxinus, 
and  weeping  willow,  falix  babylonica ; and  alfo  all  other  vegetables 
after  having  been  expofed  to  much  moifture,  as  to  rain  or  dews  ; 
which  probably  may  occur  in  part  from  the  greater  fenfibility  of 
the  tender  juicy  fummits  of  the  prefent  year’s  growth,  and  partly 
from  the  expanfion  of  their  frozen  juices,  which  may  burft  the  con- 
taining veflfels. 

An  important  queftion  here  occurs,  is  a low  fituation  to  be  chofen 
for  a garden  ? The  greater  warmth  of  low  fituations,  and  their  be- 
ing generally  better  fheltered'from  the  cold  north-eaft  winds,  and  the 
boifterous  fouth-weft  winds,  are  agreeable  circumftances ; as  the  N.  E. 
winds  in  this  climate  are  the  freezing  winds  ; and  S.W.  winds  being 
more  violent,  are  liable  much  to  injure  ftandard  fruit-trees  in  fu miner 
by  dafhing  their  branches  againft  each  other,  and  thence  bruifing,  or 
beating  off  the  fruit  ; but  in  low  fituations  the  fogs  in  vernal  evenings, 
by  moiftening  the  young  fhoots  of  trees,  and  their  eariy  flowers, 
render  them  much  more  liable  to  the  injuries  of  the  frofty  nights, 
which  fucceed  them,  which  they  efcape  in  higher  fituations.  Thefe 
fogs,  which  are  feen  by  the  fides  of  rivers,  and  on  damp  plains  or  val- 
leys after  fun-fet,  are  converted  into  rime  during  the  night.  And  as 
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at  the  time  of  th-ele  fogs  there  is  generally.no  wind,  the  dew  falls  per- 
pendicularly, and  the  rime  is  formed  moft  frequently  on  the  upper 
furface  of  objects,  which  may  then  therefore  be  more  readily  fhelter- 
ed  from  it  than  at  other  times,  when  the  freezing  fog  is  blown  for- 
wards by  the  wind,  and  the  rime  is  formed  on  one  fide  of  the  branches 
of  trees. 

In  home  circumftances  the  rime  is  believed  to  defend  the  vegetables 
on  which  it  is  formed,  by  the  heat  it  gives  out  at  the  inftant  of  its 
freezing,  and  by  covering  them  from  the  cold  like  fnow  upon  the 
ground  ; and  thence  the  black  frofts,  which  are  not  attended  with 
rime,  are  Paid  to  be  more  prejudicial.  But  where  dew  or  mift  de» 
fcends  on  vegetable  leaves  before  the  a£t  of  freezing  commences,  and 
, is  in  part  abforbed  by  them  ; they  become  more  fucculent,  and  hence 
are  deftroyed  by  their  fluids  being  converted  into  ice,  and  burfting  the 
veflels  already  diflended  with  more  water,  than  they  would  othenvife 
poflefs.  See  Se<ft.  XIII.  2.  2. 

Mr.  Bradley  gives  a decifive  fa£t  in  regard  to  this  fubjedh  A friend 
of  his  had  two  gardens,  one  not  many  feet  below  the  other,  but  fo 
different,  that  the  low  garden  often  appeared  flooded  .with  the  even- 
ing mills,  when  none  appeared  in  the  upper  one  ; and  in  a letter  to 
Mr.  Bradley  he  complains  that  his  lower  garden' is  much  injured  by 
the  vernal  froft,  and  not  his  upper  one.  A fimilar  fa<5l  is  mentioned 
by  Mr.  Lawrence,  who  obferves,  that  he  has  often  feen  the  leaves 
and  tender  fhoots  of  tall  afh-trees  in  blafting  miffs  to  be  frozen,  and 
as  it  were  finged,  in  all  the  lower  parts  and  middle  of  the  tree  ; 
while  the  upper  part,  which  was  above  the  mift,  has  been  uninjured. 
Art  of  Gardening;.  In  confirmation  of  this  idea  I well  remember 
many  years  ago  to  have  travelled  fixty  miles,  partly  in  the  valley  of 
the  Trent,  and  partly  over  adjacent  hills,  on  the  fixth  of  May;  and 
to  have  obferved  that  the  new  fhoots  of  all  the  afh-trees  in  the  val- 
lies  had  their  young  extremities  entirely  turned  black  by  the  froft  of 
the  preceding  night ; but  that  on  the  hills  they  had  efcaped,  which 
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I at  firft  afcribed  to  the  trees  being  lefs  forward  on  the  hills,  but  be- 
lieve it  was  more  probably  owing  to  the  greater  fucculence  of  thofe 
in  the  valleys,  and  to  their  having  been  previoufly  expofed  to  the 
moifture  of  the  evening  mill. 

The  precipitation  or  adhefion  of  moifture  to  vegetables,  when  mifty 
air  is  blown  againft  them,  is  well  defer ibed  by  Mr. White  in  his  hif- 
tory  of  Shelborne  ; who  obferved  on  a foggy  day  with  fome  wind, 
that  fo  much  moifture  was  depofited  on  a tree,  that  it  ran  down  upon 
the  ground,  and  filled  the  ruts  of  a lane  beneath  it,  which  was  dry 
elfewhere.  On  the  fame  account  in  the  early  fpring  the  grafs  is  feen 
to  become  green  fooner  under  the  fpreading  branches  of  trees  than  in 
their  vicinity.  See  Botanic  Garden,  Vol.  1.  note  26. 

It  is  hence  evident,  that  very  low  and  damp  fituations  are  not  to  be 
preferred  for  gardens  and  orchards  in  this  climate  ; and  that  it  is  in 
all  gardens  an  objedt  worthy  attention  to  protect  in  the  early  fpring 
the  bloftoms  and  the  young  (hoots  from  being  moiftened  by  the  de- 
feending  night  dews  ; for  this  purpofe  fome  have  put  coping  ftones 
at  the  top  of  the  fruit-walls,  fo  as  to  projedt  fix  or  eight  inches  over 
the  trees.  By  the  fihelter  of  thefe  coping  ftones  the  defeending 
dews,  which  would  moiften  the  young  leaves  and  flowers,  are  pre- 
vented from  falling  on  them,  and  in  confequence  no  rime  is  feen  in 
the  morning  oh  thefe  trees.  I had  once  an  opportunity  of  obferving 
fome  trees  beneath  a projecting  coping  to  be  much  fafer  in  refpedt 
both  to  their  fruit  and  foliage,  than  thofe  in  their  vicinity,  and  in 
the  fame  afpedt,  where  there  were  no  coping  ftones  over  them. 

But  I am  informed,  that  after  the  vernal  frofts  have  ceafed,  this 
kind  of  (belter  is  certainly  injurious  to  the  growth  and  perfedtion 
of  the  fruit ; which  may  arife  from  the  fame  caufe,  namely,  the 
want  of  the  fummer  night-deWs  to  moiften  the  fruit,  and  alfo  the 
perpendicular  fun-beams  to  ripen  it.  On  thefe  accounts  I have  pro- 
pofed  to  make  temporary  fheds  of  boards  to  projedt  eight  inches  from 
the  walls,  to  be  held  on  by  iron  hooks,  which  might  eafily  be  re- 
moved. 
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moved,  as  foon  as  the  vernal  frofts  fhould  ceafe  ; and  in  one  experi- 
ment on  a Tingle  apricot  tree  it  appeared  to  fucceed  well. 

From  Tome  experiments  in  a late  volume  in  the  Philofophical 
Tran fa&ions,  it  appears,  that  very  much  more  rain  was  caught  in 
glaffes  placed  on  the  ground  near  a high  church,  than  was  caught  in 
fimilar  glaffes  011  the  roof  of  it  ; which  evinces,  that  a much  greater 
quantity  of  moifture  exifts  in  the  lower  parts  of  the  atmoiphere,  and 
is  precipitated  from  it,  than  from  the  higher  parts  ; whence  to  pro- 
tect the  bloffoms  more  effedually  from  the  defcending  dews  coping 
boards  might  be  placed  at  every  two  feet  or  lefs  above  each  other, 
with  their  front  edges  pointing  upwards  to  the  meridian  fun  in 
March,  and  ledges  nailed  on  the  back  edges  to  convey  the  rain  or 
dews  towards  the  central  part  of  the  tree,  where  by  another  crofs 
ledge  at  the  end  of  each  board  it  might  be  carried  from  the  wall. 

A Tmilar  inconvenience  from  autumnal  frofts  affe&s  Tome  of  the 
late  fruits,  as  figs  and  grapes,  which  might  alfo  receive  advantage 
from  replacing  the  coping  boards  in  the  autumn. 

Another  method  of  effectually  guarding  againft  the  vernal  frofts, 
and  alfo  the  autumnal  ones,  is  by  building  the  garden-walls  with  fire- 
flues  in  them,  w’hich  is  now  frequently  pra&ifed.  There  is  one  fecret 
neceffary  to  be  known,  and  well  attended  to,  in  the  management  of 
fire-flues  ; and  that  is  in  thefirft  place  to  plant  trees,  w'hich  will  open 
their  flowers  about  the  fame  time,  againft  the  fame  flue,  and  then 
diligently  to  obferve  not  to  put  fire  into  this  flue,  till  the  trees,  it  is  de- 
figned  to  aflift,  are  in  flower  ; fince  if  the  fire  be  applied  fooner,  the 
flowers  are  forwarded,  and  in  confequence  expofed  to  more  danger 
from  the  feverer  frofts.  One  friend  of  mine,  who  diligently  attends 
to  this  circumftance,  affures  me,  that  he  never  fails  of  producing  a 
plentiful  crop  of  excellent  fruit. 

And  it  is  poffible  that  one  ufe  of  covering  apricot  trees,  before  they 
flower,  from  the  mid-day  fun,  which  is  faid  to  be  pradtifed  in  Den- 
mark, may  be  to  protradt  their  time  of  flowering,  and  thus  expofe 
* them 
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them  to  lefs  danger  from  froft,  as  well  as  to  prevent  then-  irritability 
from  being  exhausted  by  the  heat,  and  thus  caufing  t-henight  air  to 
be  more  injurious  to  them. 

7.  Fruits  may  be  fooner  ripened  by  wounding  them , or  by  gathering 
them.  The  wounds  infli&ed  by  infedls  on  many  fruits  promotes  their 
more  fpeedy  ripening,  as  well  as  thofe  inflicted  by  caprification,  men- 
tioned in  Seft.  XIV.  3.  3.  and  in  No.  3.  4.  of  this  Sedtion.  It  is  faid 
that  cutting  the  ftalk  of  a bunch  of  grapes  half  through,  which  has 
acquired  its  due  fize,  will  expedite  the  ripening  of  it ; becfiufe  it  will 
then  be  fupplied  with  a iefs  quantity  of  new  juices,  and  the  change 
of  its  acerb  juices  into  faccharine  ones,  which  is  partly  a chemical, 
and  partly  a vegetable  procefs,  proceeds  more  rapidly.  See  Sedt.  X. 
8.  1.  On  the  fame  account  the  pears  on  a branch,  which  has  had  a 
circle  of  its  bark  cut  away,  will  ripen  its  fruit  fooner ; and  thofe  an- 
nual plants,  which  are  fupplied  with  lefs.  water  than  ufual,  both 
flower  fooner,  and  ripen  their  feed  fooner. 

To  which  maybe  added,  that  gathering  pears  from  the  tree  before 
they  are  ripe,  and  laying  them  on  heaps  covered  with  blankets,  is 
known  confiderably  to  forward  their  ripening,  by  fomething  like  a 
chemical  fermentation  added  to  the  living  adfion  of  the  fruit,  which 
advances  the  faccharine  procefs  with  greater  rapidity. 

I have  feen  apricots  at  table,  which  I was  informed  were  plucked 
from  the  tree,  and  kept  fome  days  in  a hot-houfe,  and  thus  became 
delicioufly  ripe ; in  the  fame  manner  as  harlh  pears  ripen  almoft  int-o 
a fyrup  during  twelve  or  twenty  hours  baking  in  a flow  oven;  which 
occafioned  the  jell;  of  a French  traveller,  who  on  being  afked  on  his 
return,  what  good  fruit  they  had  in  England,  anfwered,  that  the  only 
ripe  fruit  he  happened  to  tafle  was  the  baked  pear. 

iv.  The  arts  of  preserving  fruit,  as  they  depend  on  the 
prevention  of  the  chemical  proceffes,  which  produce  their  diflolution, 
•ought  to  be  here  mentioned.  ■ 
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1.  As  life  whether  animal  or  vegetable  prevents  putrefa&ion,  and 
as  many  fruits  exift  long,  after  they  are  gathered  from  the  tree,  before 
they  become  ripe  and  die  fpontaneoufly,  and  in  confequence  putrefy, 
as  crabs,  floes,  medlars,  and  auftere  pears.  The  art  of  preferving 
thefe  confifts  in  ftoring  them,  where  the  heat  is  neither  much  above 
or  below  48  degrees,  which  is  the  temperature  of  the  interior  parts  of 
the  earth ; that  is,  in  a dry  cellar,  or  beneath  the  foil,  or  well  covered 
with  ftraw  or  mats  in  a dry  chamber.  As  greater  heat  might  make 
them  ripen  fconer,than  they  are  wanted,  by  the  increafed  adivityof 
their  vegetable  life  ; and  froft  by  deftroying  that  life  would  fubjed 
them  to  putrefy,  when  they  become  thawed  ; as  perpetually  happens 
to  apples  and  potatoes,  which  are  not  well  defended  from  frofl.  And 
laftly,  the  moifture  would  injure  them  many  ways;  firft  by  its  con- 
tributing to  deftroy  their  vegetable  life  ; fecondly  in  promoting  the 
chemical  procefs  of  putrefadion  ; and  thirdly  by  its  encouraging  the 
growth  of  mucor,  or  mould,  which  will  grow  in  moift  fituations 
without  much  light  or  air. 

Too  great  warmth  deflroys  both  animal  and  vegetable  life  by  fti- 
mulating  their  veflels  into  too  great  adivity  for  a time,  whence  a 
fubfequent  torpor  from  the  too  great  previous  expenditure  of  the  liv- 
ing power,  which  terminates  in  death.  After  the  death  of  the  organi- 
zation a boiling  heat  coagulates  the  mucilaginous  fluids,  and  if  con- 
tinued would  I believe  prevent  the  chemical  fermentation  of  them  ; 
and  that  thus  both  vegetable  and  animal  fubflances  might  be  preferv- 
ed.  The  experiment  is  difficult  to  try,  and  could  not  therefore  be  of 
much  practical  utility  if  it  fhould  fucceed. 

Great  cold  on  the  contrary  deflroys  both  animals  and  vegetables  by 
the  torpor  occafioned  by  the  defed  of  ftimulus,  and  a confequent 
temporary  death.  Afterwards  if  a great  degree  of  cold  be  continued, 
in  fome  cafes  the  expansion  of  their  freezing  juices  may  burft  the  ve- 
getable veflels,  and  thus  render  the  life  of  them  irrecoverable.  But 
there  is  another  .curious  thing  happens  to  many  aqueous  folutions,  or 
1 diffufions. 
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diffufians,  which  is,  that  at  the  time  of  congelation  the  difFolved  or 
difFufed  particles  are  puffied  from  the  ice,  either  to  the  centre,  if  the 
cold  be  applied  equally  on  all  Tides,  or  into  various  cells,  as  mentioned 
in  Se£t.  XIII.  2.  2. 

This  exclufion  of  fait  is  feen  in  freezing  any  faline  folution  in  wa- 
ter; as  common  fait  or  blue  vitriol  expofed  to  fevere  froft  in  a two- 
ounce  phial  are  driven  to  the  center  of  it.  Wine,  vinegar,  and.  even 
milk,  may  be  thus  deprived  of  much  of  their  water.  Very  moifi:  clay, 
when  expofed  to  frofty  air,  {brinks  and  becomes  much  more  folid  ac- 
cording to  the  affertion  of  Mr.  Kirwan.  Mineralog.  Vol.  I.  p.  9,  the 
freezing  water  covering  its  furface  with  ice,  and  driving  the  mole- 
cules of  clay  nearer  the  centre.  And  laftly,  the  mucilage  produced 
by  boiling  wheat  flour  in  water,  like  book-binders  pafte,  if  not  too 
thick,  lofes  its  cohefion  by  being  frozen,  the  water  driving,  as  it 
freezes,  the  flarch  from  its  cryftallization  ; and  from  this  ci re u ra- 
diance probably  is  occafionea  the  change  of  flavour  of  apples,  potatoes, 
and  other  vegetables,  on  being  thawed  after  they  have  been  frozen. 

It  is  neverthelefs  affirmed,  I think,  by  Monf.  Reaumeur,  that  if 
frozen  apples  be  dipped  in  cold  water  repeatedly,  and  the  ice  thus 
formed  on  their  furface  be  wiped  off,  or  if  they  be  left  in  a large  pail 
full  of  very  cold  water,  fo  that  they  may  not  thaw  too  haftily,  they 
will  not  lofe  their  flavour.  If  this  be  true,  and  the  apples  will  keep 
found  fome  time  afterwards,  it  would  feem  that  the  vegetable  life 
was  not  deftroyed  ; but  that,  like  fleeping  infects,  they  were  reani- 
mated by  the  warmth  ; otherwife,  if  the  flavour  be  not  deftroyed, 
and  they  could  be  immediately  eaten  or  ufed  in  cookery,  it  is  {till  a 
valuable  difcovery  if  true,  and  might  lead  us  to  preferve  variety  of 
fruits  in  ice-houfes,  as  ftra wherries,  currants,  grapes,  and  pines,  to 
the  great  advantage  of  fociety.  See  Se6t.  XVII.  2.  4. 

As  the  procefs  of  fermentation  will  not  commence  or  continue,  I 
believe,  in  the  heat  of  boiling  water,  or  212;  and  as  this  degree  of 
heat  can  be  eafily  preferved  by  fleam,  or  by  the  vicinity  of  veffels 
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containing  boiling  water  ; it  is  probable,  that  fruits  for  the  ufe  of 
cookery  might  be  thus  preferved  throughout  the  year,  as  the  pulp 
of  boiled  apples,  goofeberries,  &c.  put  into  bottles,  and  placed  fo  as 
to  be  expofed  to  the  wafted  fteam  of  fleam-engines,  or  immerfed  in 
the  hot  water,  which  flows  from  the  condenftng  of  it  ; or  near  the 
boilers  fixed  behind  fome  kitchen  fires  ; as  I fufpedt,  that  if  fuch  a de- 
gree of  heat  could  be  applied  once  a day,  it  would  counteract  the  ten- 
dency to  fermentation. 

2.  Another  method  of  preferving  fome  fruits  is  by  gathering  them 
during  their  acid  ftate,  before  that  acid  juice  is  converted  into  fugar, 
as  lemons,  oranges,  goofeberries,  pears,  and  fome  apples  ; and  if  a. 
part  of  the  water  be  evaporated  by.  a boiling  heat  fo  as  to  leave 
the  acidity  more  concentrated,  it  is  lefs  liable  to  ferment,  and  in 
confequence  will  be  longer  preferved.  For  this  purpofe  the  fruit 
fhould  be  kept  in  a cellar,  and  corked  in  bottles,  fo  as  to  be  preclud- 
ed from  the  changes  of  air,  and  variations  of  heat ; goofeberries,  and 
rhubarb-ftalks,  are  thus  fuccefsfully  preferved  for  winter  ufe ; and  if 
a tea  fpoonful  of  brandy  be  put  into  each  quart  bottle,  it  will  prevent 
the  growth  of  mucor  or  mould  upon  them. 

3.  As  fugar  will  not  pafs  into  fermentation  unlefs  diluted  with 
much  water,  and  lefs  fo  in  low  degrees  of  heat,  many  fruits  may  be 
thus  preferved  by  impregnating  them  with  fugar,  and  the  better  if 
they  are  kept  in  a dry  cellar.  Dr.  Hales  found  that-  by  inverting 
the  end  of  a branch  of  a tree  into  a bottle  of  brandy  for  a few  hours, 
that  the  whole  branch  died  ; hence  it  is  ufualaud  ufeful  to  cover  pre- 
ferved  fruits  with  a paper  moiftened  with  vinous  fpirit,  which  pre- 
vents the  growth  of  mucor  or  mould  upon  their  furfaces,  which  is  a 
vegetable,  thus  eafily  killed  by  the  intoxicating  ftimulus. 

If  fweet  fruits  be  dried  by  heat,  not  only  the  fuperfluous  water 
becomes  exhaled,  but  the  faccharine  procefs  is  alfo  promoted,  and 
much  of  the  mucilaginous  or  acid  particles  are  converted  into  fugar, 
as  in  baking. pears,  or  in  drying  figs,  dates,  raifins,  apricots;  fo  that 
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by  gradually  drying  them  many  fruits  may  be  well  preferved,  and  re- 
quire  afterwards  {imply  to  be  kept  dry. 

4.  Some  fruits,  as  the, olive,  are  preferved  in  their  unripe  flate  in 
fait  and  water ; the  unripe  pods  of  kidney-beans,  and  the  hats  of 
mufhrooms,  may  be  thus  alfo  kept  for  months  in  weak  brine  in  a 
cool  cellar  enclofed  in  bottles  without  much  change.  But  the  oily 
kernels  of  nuts  are  well  preferved  in  cellars  beneath  the  foil  to  pre- 
clude the  variations  of  heat,  and  covered  in  jars  to  prevent  their  eva- 
poration. Other  fruits  are.  converted  into  pickles  and  ’ preferved  in 
vinegar,  but  lofe  their  flavour ; and  others  by  being  immerfed  in 
vinous  fpirit  are  preferved,  as  cherries,  and  thus  tranfmuted  from 
food  to  poifon.  And  when  the  kernels  of  apricots,  cherries,  or  bitter 
almonds,  are  preferved  in  brandy,  which  is  called  ratafia,  we  poffefs  a 
mixture  of  two  of  the  moft  poifonous  productions  of,  the  vegetable 
kingdom  ; except  perhaps  the  leaves  of  lauro-cerafus  diftilled  in  al- 
cohol, which  was  fold  as  ratafia  in  Dublin,. .and  produced  many 
fudden  deaths  in  the  gin-fhops.- 

/ 

v.  The  following  lines  are  inferted  to  amufe  the  reader,  and  to  i 
imprint  fome  of  the.foregoing  doCtrine  on  his  memory^ 


ART  OF  PRUNING  WALL-TREES. 

Behead  new-grafted  trees  in  fpring, 

Ere  the  firft  cuckoo  tries  to  fing ; 

But  leave  four  fvvelling  buds  to.  grow 
With  wide-diverging  arms  belowj 
Or  fix  one  central  trunk  ere<5t, 

And  on  each  fide,  its  boughs  defied. 

In  fummer  hours  from  fertile  Items 
Rub  off  the  fupernumerous  gems  >, 

But  where  unfruitful  branches  rife 
In  proud  luxuriance  to  the  Ikies, 
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Exfeft  the  exuberant  growths,  or  bind 
A wiry  ringlet  round  the  rind; 

Or  feize  with  fhreds  the  leafy  birth. 

And  bend  it  parallel  to  earth. 

When  from  their  winter-lodge  efcapc 
The  fwelling  fig,  or  cluflering  grape  ; 

Pinch  off  the  fummit-fhoots,  that  rife. 

Two  joints  above  the  fertile  eyes ; - 

But  when  with  branches  wide  and  tall  m 

The  vine  (hall  crowd  your  trellis’d  wall ; 

Or  when  from  Itrong  external  roots 
Each  rafter  owns  three  vigorous  fhoots ; 

Watch,  and  as  grows  the  afcending  wood. 

Lop  at  two  joints  each  lateral  bud. 

So  fhall  each  eye  a clufter  bear 
To  charm  the  next  fucceeding  year; 

And,  as  the  fpiral  tendrils  cling, 

Deck  with  fefloons  the  brow  of  fpring. 

But  when  the  wintry  cold  prevails. 

Attend  with  chifel,  knife,  and  nails ; 

Of  pears,  plums,  cherries,  apples,  figs. 

Stretch  at  full  length  the  tender  twigs ; 

Vine,  neflarine,  apricot,  and  peach. 

Cut  off  one  third  or  half  of  each ; 

And,  as  each  widening  branch  extends. 

Leave  a full  fpan  between  the  ends. 

Where  crowded  growths  lefs  fpace  allow, 

Clofe  lop  them  from  the  parent  bough ; 

But  when  they  rife  too  weak  or  few. 

Prune  out  old  wood,  and  train  in  new. 

So,  as  each  tree  your  wall  receives. 

Fair  fruits  fhall  blufh  amid  the  leaves* 
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ART  OF  PRUNING  MELONS  AND  CUCUMBERS, 

When  melon,  cucumber,  and  gourd, 

Their  two  firft  rougher  leaves  afford. 

Ere  yet  thefe  fecond  leaves  advance 
Wide  as  your  nail  their  green  expanfe; 

Arm’d  with  fine  knife,  or  fciffars  good, 

Bifedt  or  clip  the  central  bud; 

Whence  many  a lateral  branch  inftead 
Shall  rife  like  hydra’s  fabled  head. 

When  the  fair  belles  in  gaudy  rows 
Salute  their  vegetable  beaux ; 

And,  as  they  lofe  their  virgin  bloom. 

Shew,  ere  it  fwelis,  the  pregnant  womb ; - 
Lop,  as  each  crowded  branch  extends. 

The  barren  flowers,  and  leafy  ends. 

So  with  (harp  flings  the  bee-fwarm  drives 
Their  ufelefs  drones  from  autumn  hives. 

But  if  in  frames  your  flowers  confin’d 
Feel  not  one  breezy  breath  of  wind. 

Seek  the  tall  males,  and  bend  in  air 
Their  diftant  lovers  to  the  fair; 

Or  pluck  with  fingers  nice,  and  fhed 
The  genial  pollen  o’er  their  bed. 

So  fihall  each  happier  plant  unfold 
Prolific  germs,  and  fruits  of  gold,  . 
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SECT.  XVI. 

THE  PRODUCTION  OF  SEEDS. 

U.  To  produce  feeds  early,  i.  Sow  before  winter,  or  in  warm  fituations.  2.  Tranf- 
plant  the  roots,  3.  Cut  off fuperfluous  ffoots.  4.  Give  lefs  water.  II.  To  pro- 
duce feeds  in  great  quantity.  1.  Sow  early,  or  when  the  feed  ripens.  1.  Tranf- 
plant  the  roots  deeper,  or  earth  them  up.  Horfe-hoe  and  hand- hoe.  Improved 
drill  huflandry.  Dibbling.  Corn  lands  laid  level.  Egyptian  wheat  with  branch- 
ing ears.  3.  Dejlroy  the  central  Jhoot.  Eat  down  wheat  and  roll  it.  This  is 
fometimes  injurious.  4.  Pinch  off  ufelefs  fummits  of  beans.  Eat  down  too  vigour- 
aus  wheat.  5.  Roll  it  to  lejfen  the  Jlraw.  6.  Give  lefs  water.  III.  To  ripen 
feeds.  1.  Warmth  and  drynefs.  2.  Frofty  nights.  3.  Lime  forwards  the  ripen- 
ing  of feeds . 4.  Cut  off  bulbs  and  root -fuckers  of  orchis.  Helianihus  tuber  of  us. 

Rheum  palmatum.  IV.  To  generate  belt  kinds  of  feeds.  Choofe  early  plants 
inflated  from  others.  Impregnate  the  ftigmas  of  fome  with  the  anther-duft  of 
others.  Whence  peas  may  be  produced  of  different  colours.  V.  To  collect  good 
feeds.  Change  of  feeds  is  ufelefs , unlefs  for  better  kinds.  Choofe  the  earlief  feeds. 
Pick  out  the  large f potatoes  for  planting,  and  the  ft  eft  radifhes  for  feed,  and  the 
earlieft  ears  of  wheat.  VI.  To  determine  the  goodnefs  of  feeds.  Weigh  a 
meafure  of  them.  Caft  them  into  fait  water.  Beans  more  economical  than  oats 
as  provender.  Seeds  continue  to  improve  during  the  water-months.  VII.  To 
preferve  feeds.  1.  Collett  before  they  Jhed  naturally.  Dry  them  before  they  are 
flacked.  Gluten  of  wheat  deftroyed  by  fermentation.  Make  the  ccrn-ftack  higheft 
in  the  middle.  The  great  durability  of  feeds.  Keep  them  dry.  Not  in  contatt 
with  walls.  Convenient  oat-boxes  for  ftables.  Wheat  dried  on  a malt-kiln  to  pre- 
fer ve  it.  2.  Ventilation  prevents  mould.  3.  Seclude  them  from  heat,  beneath  the 
foil.  In  ice-houfes.  4.  Magazines  of  grain  ftffered  to  vegetate  at  top.  Covetous 
farmers.  5.  New  and  old  feeds.  6.  Preferve  feeds  in  fugar,  or  in  charcoal,  for 
dong  voyages.  Mnd flefh-meat  in  treacle.  VIII.  To  fow  feeds  advantageoufly. 
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Native  feeds,  foreign  ones.  Sow  feon  after  the  ground  is  turned  over,  and  early 
in  the  fpring , in  the  autumn,  i.  Economy  of  f owing  three  kinds  of  grafs  feeds,  and 
two  kinds  of  wheat.  Kinds  of  foil.  3.  Mix  f and  or  foil  with  feme  feeds . Soak 
them  in  water, fait  and  water,  lime.  Steep  barley  in  dunghill  water.  Wood-ajhes. 
Sow  wet  as  well  as  dry.  4.  Bury  the  fruit  with  the  feed.  5.  Wajh  the  feeds  of 
too  luxuriant  plants.  Sow  them  early.  IX.  Queftion  concerning  general  en- 
clofure.  Cain  and  Abel. 

Many  of  the  circumftances  above  related  concerning  the  produc- 
tion and  enlargement  of  fruit  are  applicable  to  the  production  of 
the  feeds,  which  are  included  in  them  ; but  thofe  feeds,  which  con- 
tribute moft  to  the  nourilhment  of  mankind,  many  of  which  are  the 
progeny  of  annual  or  biennial  plants,  require  other  modes  of  culti- 
vation. 

As  an  introduction  to  this  feCtion  it  may  be  obferved,  how  much 
more  ingenuity  was  required  in  the  difcovery  of  nourifhing  mankind 
by  the  fmall  feeds  of  the  graffes,  which  have  probably  been  fince 
much  enlarged  by  perpetual  cultivation,  than  by  the  large  roots  of 
potatoes.  The  Ifis  or  Ofiris  of  Egypt  feems  to  have  invented  the 
procefs  of  cultivating  wheat,  as  well  as  flax,  on  the  banks  of  the 
Nile;  and  afterwards  Ceres  and  Triptolemus  to  have  taught  the 
former  of  thefe  important  difcoveries  all  over  the  known  world. 
While  in  later  ages  the  Incas  or  Motezumas  of  Peru  and  Mexico  feem 
to  have  deftroyed  the  cannibals,  or  men-eaters,  of  that  continent, 
and  to  have  difcovered  and  taught  their  people  to  fupport  themfelves 
by  the  cultivation  of  potatoes. 

I.  1.  To  produce  feeds  early  in  the  feafon . 

Thofe  plants,  which  are  required  to  yield  a forward  crop,  as  the  peas 
and  beans  of  our  gardens,  and  thofe  which  our  cold  and  fliort  fummers 
will  not  otherwife  perfectly  ripen,  as  wheat,  (hould  be  fowed  before 
the  commencement  of  winter,  either  in  natural  ground,  as  in  the 
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cultivation  of  wheat,  or  in  fituations  fheltered  from  the  north-eaft, 
as  in  the  garden  cultivation  of  peas  and  beans ; or  they  may  be  fowed 
very  thick  in  hot-houfes,  or  under  hot-bed  frames,  or  under  warm 
walls,  and  be  tranfplanted,  when  they  are  one  or  two  inches  high, 
into  the  natural  ground  at  due  diftances,  when  the  weather  is  milder, 
and  the  plants  are  become  hardier  or  lefs  liable  to  be  deflroyed  from 
their  having  longer  acquired  the  habits  of  life. 

When  young  plants  of  any  kind  are  tranfplanted,  the  ground  fhould 
be  recently  dug,  as  their  expeditious  growth  depends  fo  much  on  the 
atmofpheric  air  being  buried  in  the  pores  or  interftices  of  the  earth 
by  the  produ&ion  of  carbonic  and  nitrous  acids,  and  ammonia,  and 
heat. 

The  fame  advantage  occurs  by  foaking  feeds  in  water,  or  in  the 
drainage  from  manure  heaps,  till  they  are  ready  to  fprout,  and  then 
lowing  them  in  a foil  lately  turned  over  ; as  their  roots  will  then  im- 
mediately put  out  by  the  newly  generated  heat,  and  newly  produced 
carbonic  acid  in  its  fluid  not  its  gafleous  flate. 

2.  The  tranfplanting  of  young  roots,  if  they  be  fet  no  deeper  than 
before,  does  not,  I fuppofe,  multiply  the  number  of  Hems,  as  occurs 
when  wheat  is  tranfplanted  fo  deep  as  to  cover  the  fecond  joint ; but 
by  tearing  off  feveral  fmall  extremities  of  the  roots,  the  new  produc- 
tion of  many  viviparous  buds  is  prevented,  and  that  of  oviparous  buds 
increafed  in  confequence,  for  reafons  mentioned  in  No.  2.  4.  of  the 
preceding  Section. 

When  the  roots  of  wheat  are  tranfplanted  and  divided,  not  only  a 
great  increafe  of  the  crop  is  produced,  but  I believe  the  feed  is  like- 
wife  ripened  earlier,  as  is  aflerted  by  Mr.  Bogle.  Bath  Society,  Vol.  III. 
p.  494.  And  it  is  well  known  to  gardeners,  that  tranfplanting  garden- 
beans  forwards  them  in  refpedt  to  time,  but  fhortens  the  height  of 
the  Hem.  Hence  tranfplanted  vegetables  grow  lefs  in  height,  as 
tranfplanted  beans,  and  lefs  branchy,  as  tranfplanted  melons,  but 
produce  and  ripen  their  feeds  earlier ; which  is  a great  advantage  in 
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the  fhort  fummers  of  this  climate;  and  if  the  roots  can  be  divided, 
as  in  wheat,  or  new  fcions  can  be  produced  by  their  being  tranfpiant- 
ed  deeper,  as  alfo  occurs  in  wheat,  the  quantity  of  the  feed  may  alfo 
be  wonderfully  increafed  by  tranfplanting.  See  SeCL  XII.  6. 

3.  Another  mode  of  forwarding  the  production  of  feeds,  and  of 
fooner  ripening  them,  confifts  in  pruning  off  the  viviparous  tops  or 
lateral  fhoots,-  which  will  bear  no  feeds  at  all,  or  only  fmall  or  im- 
perfect ones,  in  our  northern  fummers.  For  this  purpofe  the  cutting 
away  the  tops  of  beans  and  of  peas,  and  the  lateral  branches  of  arti- 
chokes, after  the  fruit-buds  are  formed,  both  forwards  and  enlarges 
the  flowers  and  feeds,  which  remain,  as  more  nourifhment  is  derived 
to  them. 

4.  As  a fuperfluous  fupply  of  water  is  more  friendly  to  the  produc- 
tion of  leaf-buds  than  to  the  generation  of  flower-buds,  to  derive  lefs 
water  than  ufual  to  the  roots,  forwards  the  production  of  feeds,  a faCt: 
well  known  in  the  gardens  of  warmer  climates,  which  are  perpetually 
watered  from  refervoirs  or  wheel-engines.  But  when  the  blofloms 
appear,  an  addition  of  water  muft  forward  their  growth  by  Supplying 
nourilhment,  which  fhould  again  be  leflfened  when  the  fruit  has  ac- 
quired its  full  fize,  both  to  expedite  its  ripening,  and  to  increafe  its 
flavour  ; as  the  faccharine  matter  and  eflential  oil  will  be  lefs  diluted 
with  water. 

In  the  dry  fummer  of  1799  I had  the  opportunity  of  flooding  fome 
rows  of  beans  in  my  garden,  which  by  being  done  too  frequently,  or 
too  copioufly,  occafloned  them  to  grow  to  a much  greater  height 
than  ufual,  and  in  confequence  to  bring  to  perfection  few  feeds,  and 
fome  of  them  none.  As  I fuppofe  the  new  fhoots  of  fig-trees  in  the 
beginning  of  fummer  occafions  the  firft  production  of  young  figs  to 
fall  off  from  the  want  of  that  nourilhment,  which  is  now  expended 
in  the  growth  of  new  leaf-buds.  See  SeCt.  XV.  3.  4.  Whence  the 
facility  of  producing  leaf-buds  feems  evidently  to  prevent  the  genera- 
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tion  of  flower-buds,  and  the  ufe  of  cutting  off  the  fummits  of  tall 
beans  is  thus  explained,  as  dire&ed  above. 

II.  1.  To  produce  feeds  in  great  quantity  from  annual  or  biennial 
plants  they  fhould  be  brought  forward  in  refpedt  to  the  feafon  in  our 
northern  fucnmers ; that  a greater  quantity  of  viviparous  buds  may 
arrive  early  at  their  maturity  for  the  purpofe  of  generating  oviparous 
buds  foon  enough  in  the  fummer  to  ripen  their  feeds ; on  this  ac- 
count thofe  fhould  be  fown  in  the  autumn  which  will  bear  the  fe- 
verity  of  the  winter. 

Neverthelefs  the  feeds  of  thofe  plants,  which  are  natives  of  this  cli- 
mate, fhould  probably  be  fowed  at  the  time  they  become  perfectly 
ripe,  as  occurs  to  them  in  their  natural  flate ; that  is,  either  when- 
the  feed  is  fhed  upon  the  ground  by  the  parent  plant,  or  when  the 
fruit  or  hulk,  which  enclofes  it,  becomes  naturally  ripe  after  it  has 
fallen  on  the  ground.  Thus  I have  feen  crabs  covered  with  leaves  in 
hedge-bottoms,  which  have  not  decayed  till  the  early  fpring.  Many 
pears  do  not  become  ripe  in  our  ftore-rooms  till  March  or  April ; and 
ivy  berries  and  holly  berries  hang  on  their  refpective  trees  till  the 
vernal  months,  and  are  not  till  that  time  eaten  by  the  thrulhes. 
Hence  it  is  probable,  that  the  feeds  in  thefe  durable  fruits  or  berries 
continue  to  ripen,  or  to  become  more  mature,  and  prepared  for  their 
future  growth  during  the  winter  months. 

2.  It  was  fhewn  in  Se£t.  IX.  3.  7.  that  when  wheat  was  tranf- 
planted  fo  deep  as  to  immerfe  the  firft  joint  above  the  root  into  the 
foil,  many  new  Items  would  fhoot  up  and  flrike  their  roots  into  the 
earth  ; and  that  thus  four  or  fix  new  plants,  or  more,  would  be  ge- 
nerated by  the  caudex  of  the  leaf-bud,  which  conftitutes  that  joint. 
This  mode  of  tranfplantation  therefore  will  much  increafe  the  quan- 
tity of  the  crop  of  feed,  if  it  can  be  done  foon  enough  for  thefe  ad- 
ditional Items  to  ripen  their  corn,  before  the  fummor  ends. 

There  is  another  mode  of  increafing.  this  product  of  additional 
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Items  without  transplantation,  which  confifts  in  lowing  the  wheat  in 
rows  by  what  is  called  a drill-plough  according  to  Mr.Tull’s  method  ; 
and  when  the  firft  Items  rife  a few  inches  high*  a horfe-hoe,  made 
like  a very  fmall  plough,  is  to  be  brought  fo  near  each  row,  as  to 
turn  up  fome  earth  againlt  the  Items,  fo  as  to  cover  the  frit  joint 
above  the  root  with  foil  ; whence  new  Items  will  be  generated,  and 
Ihoot  up  round  the  old  one ; and  thus  increafe  the  crop  in  the  fame 
manner  as  by  deep  tranfplantation. 

The  theory  of  Mr.Tull’s  drill  hufbandry  is  explained  in  Sedt.  IX, 
3.  7.  and  in  XII.  5.  which  is  of  late  years  fuppofed  to  have  been  im- 
proved by  introducing  the  hand-hoe  in  place  of  the  horfe-hoe,  and 
thus  giving  an  opportunity  of  fowing  the  rows  or  drills  nearer  toge- 
ther, as  will  be  feen  by  the  following  method,  now  introduced  into 
almoft  general  ufe  in  Norfolk  by  Mr.  Coke;  though  Mr.Tull  him— 
Self  much  prefers  the  horfe-hoe  as  turning  over  the  earth  much 
deeper  than  the  hand-hoe,  and  thus  rendering  that  part  of  it  more 
expofed  to  the  air,  which  was  before  more  deeply  fecluded  from  it ; 
and  alfo  rendering  it  more  pervious  to  vegetable  roots  ; to  which  may 
be  added,  that  both  kinds  of  hoeing  render  the  furface  more  perme- 
able to  the  rains  and  dews,  and  prevent  the  cracks  in  dry  weather, 
which  are  very  injurious  to  the  roots  of  plants ; both  which  advan- 
tages depend  on  the  porofty  of  the  foil,  which  mud:  extend  deeper 
by  the  ufe  of  the  horfe-hoe  than  the  hand-hoe. 

Mr.Tull  makes  other  ingenious  remarks  on  the  ufe  of  horfe-hoe- 
ing.  In  the  beginning  of  winter,  when  the  wheat  has  obtained  one 
blade  like  grafs,  or  two  or  three  leaves,  the  horfe-hoe  is  brought 
near  the  rows  and  deep,  and  the  earth  turned  from  them  fo  as  to 
form  a ridge  between  them.  By  this  ridge  in  level  grounds  he  thinks 
the  rows  are  Ihaded  from  the  cold  winds  in  fome  lituations,  and  that 
the  roots  of  the  wheat  are  kept  drier,  and  thence  lefs  injured  by  frofts. 
In  the  fpring  this  ridge  in  the  intervals  between  the  rows  is  divided 
by  the  horfe-hoe,  and  turned  back  againft  the  rows  of  corn  after  it 
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has  been  fertilized  by  the  air  and  rains,  and  dews  of  winter.  See 
Tull’s  Hufoandry,  Ch.  1X»  and  Se£t.  XII.  5.  of  this  work. 

Mr. Coke  of  Holkham  in  Norfolk  allured  me,  that  in  thirteen  years 
experience  on  a farm  of  3000  acres  he  had  found  the  drill  hufbandry 
in  that  country  greatly  fuperior  to  fowing  feeds  of  all  forts  by  the 
hand  in  what  is  termed  the  broad-cafc  method,  but  differs  in  the 
number  and  arrangement  of  his  rows  from  the  method  of  Mr. Tull  in 
the  following;;  circumfdances. 

Mr.  Tull  drilled  tv/o  rows  of  feed  a few  inches  from  each  other, 
and  then  left  a fpace  of  two  or  three  feet,  and  then  drilled  two  more 
rows  near  each  other,  for  the  purpofe  of  palling  a hoe  between  each 
double  row  drawn  by  a horfe,  which  was  therefore  termed  a horfe- 
hoe  ; but  Mr*  Coke  drills  all  his  rows  of  wheat  and  of  peas  nine  inches 
from  each  other,  and  thofe  of  barley  fix  inches  and  three  quarters 
from  each  other ; this  is  performed  by  a drill  plough  made  by  the 
Rev.  Mr.  Cook,  which  drills  fix  rows  at  a time,  and  thus  fows  an 
acre  of  land  in  an  hour,  and  is  drawn  by  a fingle  horfe  ; and  the 
quantity  of  feed  confumed  is  about  fix  or  feven  pecks  to  an  acre, 
which  is  about  half  what  is  ufed  in  the  fowing  by  the  hand  in  the 
broad-calf  method. 

Early  in  March  Mr.  Coke  ufes  the  hand-hoe,  which  for  hoeing 
the  rows  of  wheat  and  of  peas  is  about  fix  inches  wide,  and  for  hoe- 
ing thofe  of  barley  about  four  inches  wide.  By  this  hoe  the  furface 
is  not  only  turned  over,  and  the  weeds  between  the  rows  rooted  up, 
but  it  is  alfo  accumulated  about  the  roots  of  the  growing  corn-,  and 
covers  and  confequently  deftroys  the  low  growth  of  poppies  amongft 
them  ; which  are  a very  frequent  weed  in  that  part  of  the  country. 
A fecond  hoeing  is  performed  about  the  middle  of  May,  and  the  foil 
is  again  not  only  cleared  from  weeds  but  accumulated  again!!  the 
rifing  corn,  each  of  which  hoeings  cofl:  about  twenty-pence  an  acre. 

Neverthelefs  I am  informed,  that  fome  attentive  agricultors  ufe  the 
horfe-hoe  belonging  to  Mr.  Cook’s  drill-machine,  though  the  rows 
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of  corn  are  but  nine  inches  from  each  other ; and  affert,  that  this 
occafional  trampling  of  the  horfe  on  the  young  plants  is  of  no  very 
ill  confequence,  a circumftance  well  worth  obferving,  as  it  removes 
the  principal  difadvantage  of  the  horfe-hoe,  which  confifts  in  the  too 
great  diftance  of  the  alternate  rows  of  the  corn-plants. 

By  the  earth  being  thus  accumulated  againft  the  roots  of  the  com 
it  is  faid  to  tiller  or  tellure  much  ; that  is,  to  throw  out  four  or  fix 
items,  or  more,  around  the  original  Item,  and  thus  to  mcreafe  the 
number  of  ears  like  tranfplanting  the  roots,  infomuch  that  Mr.  Coke 
obtains  by  th;s  method  between  four  and  five  quarters  of  wheat  on 
every  acre,  which  in  the  broad- caft  method  of  fowing  did  not  yield 
more  than  three  quarters  on  an  acre,  befide  faving  a ftrike  and  half  of 
the  feed  corn,  unneceflarily  confurned  in  the  broad-cafi:  method  of 
fowing.  To  this  fhould  be  added  another  advantage,  that  as  the 
land  is  thus  kept  clear  from  weeds,  and  has  its  furface  twice  turned 
over,  and  thus  expoied  to  the  air,  it  is  found  to  fave  one  ploughing 
for  the  purpofe  of  a fucceeding  crop  of  turnips. 

It  is  probable,  that  one  hand-hoeing  in  the  beginning  of  winter,  fo 
managed  as  to  turn  the  foil  from  the  root's  of  the  corn,  and  to  leave  it 
rather  elevated  between  the  rows,  as  Mr.  Tull  recommends  to  be 
performed  by  his  horfe-hoe,  might  give  a fimilar  advantage  to  this 
mode  of  cultivation  ; and  alio  if  another  hand- hoeing  was  applied,  as 
foon  as  the  wheat  is  out  of  bloflom,  to  fupply  more  nouriihment  to  the 
young  feed  might  mcreafe  its  plumpnefsand  weight,  as  mentioned  in 
No.  2.  3.  of  this  Section. 

The  lands  thus  managed  by  Mr.  Coke  are  laid  level,  and  not  in 
ridges  and  furrows,  and  can  thus  be  ploughed  crofswife  ; and  the 
crop  is  equally  good  throughout  the  whole  ; whereas  in  the  furrows 
of  iome  lands  it  is  lefs  forward  or  lefs  prolific  than  on  the  ridges  ; 
whence  much  light  corn  is  mixed  with  the  good,  which  is  obliged  to 
be  feparated  from  that,  which  is  marketable,  and  u fed  for  hogs  or 
poultry.  Add  to  this,  that  in  this  mode  of  hufbandry  the  ftraw  is  be- 
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lieved  to  be  larger  and  in  greater  quantity  as  well  as  the  grain,  and 
the  land  to  be  lefs  impoveriftied,  as  no  weeds  are  fufFered  to  grow  on 
it,  and  as  its  furface  is  fo  frequently  turned  over,  and  expofed  to  the 
air. 

In  China  the  corn  lands  are  laid  on  a level,  not  in  ridges  and  fur- 
rows ; which  is  fuppofed  to  be  the  mod;  advantageous  plan  in  almoft 
every  fituation,  which  is  proper  for  the  cultivation  of  corn,  as  by  being 
thus  rendered  capable  of  being  divided  by  crofs-ploughing,  almod:  any 
kind  of  foil  may  be  rendered  more  proper  for  the  ufe  of  the  drill  huf- 
bandry,  by  which  it  is  feen  in  the  above  account  of  the  Norfolk  ma- 
nagement, that  twelve  ftrikes  more  of  wheat  are  raifed  on  an  acre, 
and  one  ftrike  and  a half  laved  in  the  confumption  of  feed-wheat, 
which  at  fix  ftfillings  a ftrike  arifes  to  a confiderable  fum  on  a large 

O O 

farm. 

Neverthelefs  there  feem  to  be  many  advantages  attending  the 
forming  the  furface  of  land  into  ridges  and  furrows  ; in  wet  lands 
with  a fubftratum  of  clay  the  furrows  are  convenient  channels  to 
carry  off  the  water,  where  there  is  a fufficient  declivity,  as  treated  of 
by  Mr.Tull  in  his  Horfe-hoeing  Hufbandry,  Ch.  XVI.  Add  to  this, 
that  in  fome  fituations  a deeper  ftratum  of  the  foil,  where  it  is  valu- 
able, may  be  occafionally  turned  up,  and  expofed  to  the  air,  and  to 
the  roots  of  vegetables,  by  gradually  changing  the  locality  of  the 
ridges  ; and  laftly,  in  every  fituation  a greater  furface  both  of  the 
foil,  and  of  the  fummits  of  the  ftems,  or  ears,  are  expofed  to  the 
influence  of  the  air  by  means  of  ridges  and  furrows  ; for  as  the  plants 
of  wheat  are  but  three  or  four  feet  high,  the  furface  of  a crop  of 
wheat  is  increafed  as  well  as  the  furface  of  the  ground  it  grows  upon, 
and  not  as  the  bafe  on  which  the  declivities  or  hills  reft,  as  fome 
have  erroneoufly  fuppofed.  See  Se£h  X.  3.  8. 

There  is  another  method  of  fowing  wheat  in  rows  ufed  in  fome 
counties,  which  is  termed  dibbling  in  the  language  of  agricultors, 
and  confifts  in  making  perpendicular  holes  one  inch  and  half  or  two 
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inches  deep,  as  is  commonly  done  in  planting  potato-roots ; thefe 
holes  are  made  by  a man,  who  has  a proper  (faff  (hod  with  iron  in 
each  hand,  and  as  he  walks  backwards  is  able  by  looking  at  the 
part  of  the  row  already  made  to  keep  nearly  in  a (Iraight  line,  and  to 
make  two  holes  at  once  at  about  nine  inches  diftant  from  each  other 
every  way.  Two  or  more  children  attend  the  man,  and  drop  two, 
or  three,  or  four  feeds  into  each  perpendicular  hole,  which  are  af- 
terwards covered  by  drawing  over  them  what  is  called  a bulh-har- 
row. 

This  method  by  fowing  the  wheat  in  rows  adapts  it  for  the  ufe  of 
the  hand-hoe,  as  by  fowing  it  by  a drill  machine,  but  mull  be  attend- 
ed with  greater  expence,  and  I fufpeft  with  lefs  accuracy  of  the  dis- 
tribution of  the  feed,  owing  to  the  hurry  or  fatigue  of  the  children 
employed ; and  I alfo  fufpe£t  that  fowing  in  drills  is  preferable,  be- 
caufe  a greater  quantity  of  earth  is  turned  over,  and  much  air  in  con- 
Sequence  included  in  its  interfiles;  whereas  in  making  perpendicular 
holes  the  (ides  of  the  holes  are  comprefled,  and  rendered  more  Solid  ; 
whence  potato-roots  alfo  might  probably  be  more  advantageoufly 
planted  by  making  drills  inftead  of  perpendicular  holes. 

A correspondent  of  the  board  of  agriculture  aflerts,  that  on  looking- 
over  a field  of  potatoes  near  Leicefter,  which  had  all  been  planted  at 
the  Same  time,  and  on  land  equally  manured,  he  obferved  a great 
difference  of  the  growth  of  one  part  of  the  field,  which  on  inquiry 
he  found  to  have  been  owing  to  the  roots  having  been  planted  in 
drills,  where  the  plants  were  So  much  ftronger ; and  by  a Setting 
(lick  in  holes,  where  they  were  So  muchleSs  vigorous;  Englifh  En- 
cyclopedia, Art.  Hulbandry,  p.  483  : which  difference  of  growth  I 
Suppofe  to  have  been  owing  to  the  circumftances  above  mentioned. 

A few  ears  of  wheat  were  lately  given  me,  which  were  branched, 
having  four  or  five  lefs  ears  growing  out  of  each  fide  of  the  principal 
ear ; it  was  procured  at  Liverpool,  and  was  called  Egyptian  wheat, 
€sr  Smyrna  wheat.  It  is  defcribed  in  the  Supplem.  Plantarum  of  the 
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younger  Linneus,  as  well  as  in  the  fpecies  Plantarum  of  the  elder ; 
and  is  faid  to  be  a native  of  Egypt,  and  to  be  cultivated  at  Naples  ; it 
is  called  “ triticum  compofitum,  or  wheat  with  a compound  ear, 
crowded  with  lefs  ears,  awned ; and  is  faid  to  be  related  to  triticum 
zeflivum,  fummer  wheat  ; but  the  fpike  is  four  times  larger,  a hand 
in  length,  compofed  of  lefs  fpikes,  two  faced,  alternate,  approximat- 
ed, from  nine  to  twelve,  the  lower  ones  being  fhorter,  and  the  top 
one  folitary.”  Suppl.  Plant,  p.  115. 

The  plant,  which  was  given  me,  had  five  tall  and  thick  flems  from 
one  root,  but  feemed  to  have  been  plucked  up  before  it  was  quite 
ripe,  whence  I cannot  judge  of  the  fize  of  the  grain,  but  fhould 
imagine,  that  it  is  a fpecies  well  worthy  of  attention.  The  few  ears, 
which  I pofieffed,  were  lown  in  the  fpring  of  this  year,  1799,  not 
having  obtained  them  foon  enough  to  fow  in  the  autumn.  When 
they  were  an  inch  or  two  high,  they  were  tranfplanted  into  a moiflifh 
part  of  my  garden  ; and  though  the  year  has  been  uncommonly  cold 
and  wet,  and  a great  part  of  the  autumn-fown  wheat  of  this  country 
is  blown  down  upon  the  ground,  and  is  not  yet  ripe,  yet  almoft 
every  root  of  the  Egyptian  wheat  has  from  ten  to  twelve  flems,  and 
flands  upright  on  ftrong  ftraw  about  three  and  a half,  or  four  feet 
high.  The  beft  flems  have  one  principal  ear  about  five  inches  long, 
with  five  or  fix  fhorter  ones  branching  out  on  each  fide  of  it.  They 
begin  to  appear  brown,  and  I hope  will  ripen.  I have  fince  found  that 
this  fpecies  of  wheat  is  mentioned  in  Tull’s  Husbandry  under  the 
name  of  Smyrna  wheat.  He  adds  that  it  is  highly  productive,  but 
on  that  account  requires  a good  foil. 

3.  Another  method  of  promoting  the  growth  of  lateral  Items  con- 
lifts  in  deftroying  the  central  fhoot  ; when  this  is  done,  other  new 
Items  arife  from  the  joint  immediately  above  the  root,  which  in 
wheat  is  in  contadl  with  the  earth.  On  this  account,  when  wheat 
plants  are  fufficiently  forward  in  refpeCt  to  the  feafon,  it  is  thought 
to  be  advantageous  to  eat  the  firft  Item  down  by  fheep  to  increafe  the 
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quantity  of  the  fubfequent  crop.  See  SeCl.  IX.  3.  7.  It  (hould  be 
neverthelefs  obferved  here,  that  the  trampling  of  the  (heep  on  lands, 
which  are  not  too  adhefive,  will  prefs  down  the  firfi  or  fecond  joint 
into  the  earth,  and  thus  afiift  the  production  of  many  fide  (hoots. 
But  in  very  adhefive  foils  this  trampling  of  the  ftems  into  the  ground 
may  be  injurious.  See  a paper  in  Bath  Agriculture,  Vol.  I.  Art.  XV. 
In  foils  which  are  not  too  adhefive,  when  the  crop  appears  thin,  it  is 
probable,  that  a roller  drawn  over  it  by  prefiing  the  firfi:  or  fecond 
joint  into  the  foil,  might  promote  the  production  of  fide  (hoots,  or 
make  them  tiller,  or  tellure,  in  the  language  of  agricultors.  And 
when  grafs  or  clover  feeds  are  defigned  to  be  fown  on  the  wheat- 
land,  it  might  firfi:  be  harrowed,  and  then  either  rolled  or  trampled 
by  the  (heep,  which  eat  it ; either  or  both  of  which  might  prefs 
down  the  root-ftems  of  the  corn,  and  cover  the  newly  fown  clover- 
feeds  with  foil. 

This  mode  of  eating  down  forward  wheat  with  (heep  is  analogous 
to  cutting  off  the  central  buds  of  melons  and  cucumbers  to  make 
them  produce  earlier  fruit,  and  in  this  climate  perhaps  in  greater 
quantity ; as  thofe  produced  after  the  great  extent  and  elongation 
of  the  central  branches  would  be  too  late  to  ripen  in  this  climate : 
and  by  their  exuberant  generation  of  a viviparous  progeny  would  re- 
tard the  fucceflion  of  lateral  (hoots,  and  a confequent  quicker  pro- 
duction of  flowers. 

Neverthelefs  where  the  crop  is  not  too  luxuriant  or  too  forward, 
the  eating  down  the  firfi:  (tern  by  (heep  may  be  an  injurious  practice; 
as  Mr.Tull  thinks,  that  by  thus  deftroying  the  firfi:  (tem,  the  ears  of 
the  later  ones  have  not  time  to  ripen,  and  thence  become  light  in  re- 
fpeCt  to  the  fize  or  plumpnefs  of  the  grain  ; and  that  thefe  fecondary 
(terns  become  weak,  and  are  liable  to  fall  down,  both  which  he  fays 
commonly  occur  where  the  crops  are  eaten  by  (heep. 

Mr.Tull,  whofe  work  is  throughout  a great  effort  of  human  genius, 
adds  a very  wife  axiom,  “ that  it  is  mod  advantageous  to  haften, 
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what  we  can,  the  time  of  bloffoming ; and  to  protrad  the  time  of 
ripening.”  Horfe-hoeing  Hufbandry,  Ch.  XI.  p.  147  ; for  it  is  the 
farinaceous  refervoir  of  nutriment  laid  up  in  the  cotyledon  of  the  new- 
feed  for  the  future  growth  of  the  corculum  or  new  embryon,  for 
which  we  cultivate  the  plant ; and  this  refervoir  is  formed  between 
the  blofloming  and  ripening  of  the  grain,  either  before  or  after  the 
impregnation  of  the  pericarp,  or  feed-veflels,  and  thus  renders  the 
grain  plump  and  heavy.  Mr.  Tull  in  another  part  of  his  work  re- 
commends an  additional  horfe-hoeing  immediately  after  the  bloflom 
is  over,  to  fupply  more  nutriment  to  the  ripening  grain.  Ch.IX. 
p.  120.  Mr.  Tull  efteems  the  eating  down  of  wheat  by  fheep  to  be 
generally  a very  injurious  pra&ice  in  this  climate,  by  rendering  the 
ears  light  and  the  draw  weak  ; by  retarding  the  time  of  bioflbming, 
as  well  as  the  growth  of  the  Rems. 

4.  In  the  moid  fprings  of  this  climate  many  annual  or  biennial 
plants  are  liable  to  (hoot  out  too  many  or  too  drong  viviparous 
branches,  which  can  not  generate  flower-buds  foon  enough  to  ripen 
their  feeds  in  our  cold  and  (hort  fummers.  This  always  happens  to 
cucumbers  and  melons,  which  were  brought  from  warmer  countries, 
and  to  the  peas  and  beans  of  our  gardens,  and  fometimes  to  corn- 
plants,  which  are  liable  in  wet  feafons  to  produce  too  drong  (ferns 
and  foliage,  which  have  not  time  to  generate  the  flower-bud  at  their 
fummit  foon  enough  to  perfect  and  to  ripen  the  feed.  Melons  and 
cucumbers  have  been  mentioned  in  Se£t.  XV.  2.  5.  and  in  refpetd  to 
garden  beans  their  viviparous  tops  (hould  be  pinched  off,  which  if  not 
too  old  may  be  eaten  as  an  agreeable  vegetable,  when  well  boiled  ; 
and  thus  more  nutriment  is  derived  to  the  oviparous  buds  beneath, 
which  renders  them  larger,  and  perhaps  more  numerous.  To  pre- 
vent field  peas  from  running  into  draw  in  moift  foils  lefs  manure 
ihould  be  u(ed  ; and  field  beans  may  have  their  tops  cut  off  by  a 
fcythe  fixed  into  a draight  (haft. 

Annual  cotton-  plants  are  much  cultivated  in  fome  colder  parts  cf 
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the  Chinefe  empire,  and  the  cultivators  lop  off  the  tops  to  increafe  the 
number  of  pods,  and  to  haften  their  production  ; and  in  the  Weft 
Indies  the  flowers  of  the  rofe  tree  are  believed  to  be  accelerated  and 
increafed  by  topping  the  branches.  Embaffy  to  China  by  fir  G.  Staun- 
ton, Vol.  III.  p.  202.  8vo.  edit. 

When  the  ftems  and  foliage  of  wheat  are  thus  too  vigorous,  it 
may  be  advantageous  to  eat  it  down  by  ftieep  as  above  mentioned 
which  may  not  only  deftrov  the  too  vigorous  viviparous  central  ftems, 
but  alfo  produce  a greater  number  of  lateral  ones ; which  may  fooner 
terminate  in  oviparous  ones,  fo  as  to  produce  more  grain  with  lefs 
ftraw. 

5.  It  is  alfo  probable,  that  rolling  them  as  mentioned  above,  if  it 
be  done  in  a morning  before  the  dew  is  off,  might  fo  far  bruifie  the 
ftems  and  roots,  as  to  ftop  their  too  great  propenfity  to  nourifti  the 
viviparous  buds,  and  in  confequence  to  favour  the  growth  of  the  ovi- 
parous buds  on  their  fummits  ; which  might  forward  the  harveft  fea- 
fon,  as  well  as  increafe  the  product  of  grain  in  proportion  to  the  quan- 
tity of  ftraw.  From  rolling  wheat  in  fpring  on  fields  where  the  fur- 
face  remains  uneven  or  cloddy,  another  advantage  may  be  derived,, 
by  breaking  the  clods  or  eminences,  and  thus  earthing  up  many  of 
the  ftems  above  the  fecond  joint,  and  thus  inducing  a new  fet  of  root- 
fcions  to  put  forth,  or  tiller.  See  Sett.  XII.  3. 

6.  The  garden  plants,  which  are  too  vigorous,  in  fituations  where 
there  is  a command  of  water,  as  in  the  gardens  of  warm  climates, 
ftiould  have  lefs  water  derived  to  them,  till  the  bloffoms  appear  ; be- 
caufe  a greater  quantity  of  moifture  facilitates  the  production  of  vivi- 
parous buds  fo  much  as  to  retard  that  of  oviparous  ones,  and  thus 
diminifhes  the  quantity  as  well  as  retards  the  ripening  of  the  crop* 
But  in  thefe  fituations,  as  foon  as  the  bloffoms  appear,  a greater  fup- 
ply  of  water  ftiould  be  allowed,  which  will  contribute  to  nourifti  and 
enlarge  them,  as  mentioned  above  ; as  is  prattifed  in  fome  countries 
of  the  eaft,  where  they  do  not  flood  their  rice-grounds,  till  they  are  in- 
flow er.,. 
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flower.  See  Se<ft.  XV.  3.  4.  But  lefs  water  is  again  required,  when 
the  feed  has  arrived  at  its  full  fize,  as  before  fpoketi  of. 

III.  1.  ‘ To  Jorward the  ripening  of  feeds.  A due  degree  of  warmth 
and  of  drynefs  feems  to  include  the  circumftances  principally  requir- 
ed. The  warmth  not  only  accelerates  the  various  fecretions  of  vege- 
tables by  increafing  their  irritability  and  confequent  a&ivity,  but,  af- 
ter the  mucilaginous,  ftarchy,  faccharine,  and  oily  matters  are  fecret- 
ed  into  proper  refervoirs,  may  contribute  perhaps  chemically  to  their 
change  into  each  other,  or  to  their  greater  perfection.  And  the 
drynefs  of  the  air,  whether  hot  or  cold,  is  neceflary  to  give  perfect 
ripenefs  to  feeds  ; as  otherwife  the  due  exhalation  of  the  aqueous  parts 
of  the  fecreted  fluids,  which  form  the  nutritive  parts  of  feeds,  does 
not  properly  proceed  ; and  the  feed  gathered  in  this  condition  is  liable 
to  mildew  in  the  barn  or  granary,  or  to  become  (hrivelled  and 
wrinkled,  as  it  dries. 

2.  It  is  believed  in  Scotland,  that  even  the  frofty  nights  of  au- 
tumn contribute  to  ripen  the  late  crops  in  that  inclement  climate, 
which  fome  have  afcribed  to  the  moonlight,  but,  which  I have  in- 
deed fufpedted,  that  the  froft  may  in  fome  meafure  effed  by  convert- 
ing the  mucilage  of  the  grain  fooner  into  ftarch.  This  I was  induc- 
ed to  imagine  by  having  obferved  that  bookbinder’s  pafte,  made  by 
boiling  wheat-flour  in  water,  loft  its  adhefion  after  having  been 
frozen  ; and  alfo  from  a culinary  obfervation,  that  when  ice  or  fnow 
is  mingled  with  flour  inftead  of  water  in  making  pancakes,  that  it 
much  improves  them ; the  truth  of  which  I have  heard  boldly  af- 
ferted,  but  never  witneffed  the  experiment.  See  Se£t.  VI.  3.- 3. 

There  is  neverthelefs  an  experiment  related  by  Dr.  Roebuck  in 
the  Edinburgh  TranfaCtions,  Vol.  I.  which  feems  to  (hew,  that  the 
grains  of  oats  continue  to  fill  and  to  become  heavier  even  during 
the  autumnal  frofts  ; which  may  probably  occur  during  the  funfhine 
of  the  middle  part  of  the  day,  as  occurs  in  the  vernal  frofts  of  this 
part  of  the  country.  In  1780  near  Borrow ftonefs  the  oats  were  green 
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even  in  Odtober,  when  the  ice  was  three  fourths  of  an  inch  thick. 
He  feledfed  feveral  ftalks  of  oats  of  nearly  equal  fulnefs,  cut  half  of 
them,  and  marked  the  remainder,  which  continued  fourteen  days 
longer  in  the  field  j after  being  dry,  the  grains  of  each  parcel  were 
weighed  ; and  eleven  of  thofe  grains,  which  had  remained  in  the 
field,  weighed  thirty  of  thofe  which  had  been  cut  a fortnight  looner. 

This  important  experiment  Ihould  teach  our  farmers  not  to  cut 
their  peas  and  beans  too  early  in  inclement  autumns  ; which  are  fo 
frequently  feen  to  become  fhrunk  and  fhrivelled  in  the  barn  or  gra- 
nary, and  inclined  to  rot  from  deficient  ripenefs,  and  confequent 
foftnefs  or  moifture  ; and  thus  contain  much  lefs  flour  in  proportion 
to  the  hulk  or  bran, 

3.  The  wheat  produced  after  land  has  been  much  limed,  is  believ- 
ed to  be  thinner  Ikinned,  and  to  yield  more  good  meal,  than  other 
wheat,  and  to  make  better  bread.  See  Sedt.  X.  6.  7.  On  this  ac- 
count I fuppofe  one  ufe  of  lime  is  to  forward  the  ripening  of  feeds  by 
converting  their  mucilage  fooner  into  ftarch  or  oil ; as  according  to 
the  experiments  of  M.  Parmentier  the  goodnefs  of  bread  depends 
much  on  the  quantity  of  ftarch  contained  in  it ; who  found,  that 
if  the  ftarch  taken  from  eight  pounds  of  raw  potatoes,  by  grating 
them  into  cold  water,  was  mixed  with  eight  pounds  of  boiled  pota- 
toes, as  good  bread  might  be  produced  as  from  wheat  flour.  See 
Sedt.  VI.  3. 

4.  The  feeds  of  fome  plants,  which  alfo  propagate  themfelves  by 
bulbs  at  their  roots,  will  not  ripen  in  this  climate  naturally,  as  the 
orchis  ; but  are  faid  to  ripen,  if  the  new  bulb  be  cut  off  early  in  the 
feafon ; or  if  the  propagation  by  their  roots  be  retarded  or  prevented 
by  confining  them  in  garden-pots,  as  the  lily  of  the  valley  ; and  it  is 
probable,  that  the  feeds  of  potatoes  might  be  rendered  more  perfedtly 
ripe,  and  in  confequence  better  for  the  cultivation  of  new  varieties ; 
if  the  young  roots  were  taken  away  early  in  the  fealon  from  that,, 
which  is  to  bear  feed*  or  if  they  were  confined  in  garden  pots. 
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If  the  orchis  could  by  thefe  means  be  cultivated  from  feed  on 
moift  meadows  or  morafles,  it  might  become  a profitable  article  of 
hufbandry ; as  when  it  is  fcalded  in  boiling  water,  and  the  peel  rub- 
bed off,  it  is  fold  by  the  name  of  falep,  and  might  become  a nutri- 
tive article  of  diet,  like  fago  and  vermicelli,  if  it  could  be  propagated 
at  lefs  expence. 

It  is  alfo  probable,  that  Jerufalem,  or  ground  artichokes,  helian- 
thus  tuberofus,  might  be  induced  to  ripen  its  feeds  in  this  country, 
if  the  new  roots  from  a few  of  the  forwarded:  plants  were  taken 
away  early  in  the  feafon,  or  if  they  were  confined  in  garden  pots. 
And  if  this  plant  could  be  propagated  by  feed,  it  might  make  an  ufe- 
ful  product  in  agriculture,  as  horfes  are  very  fond  of  the  leaves,  and 
fwine  of  the  roots;  both  of  which  are  produced  in  great  quantity; 
and  as  the  latter  contain  much  fugar,  they  muff  be  very  nutritive ; 
and  in  refpeft  to  their  culinary  ufe  are  remarkably  grateful  to  moift 
palates,  as  well  as  nutritive,  when  cut  into  dices,  and  baked  in  beef 
or  mutton  pies  ; but  are  faid  to  be  flatulent  in  the  bowels  of  thofe 
whofe  digeftion  is  not  very  powerful ; a property  which  might  be 
worthy  attention,  where  the  propenfity  to  fermentation  is  required, 
as  in  making  bread  with  potatoes,  or  in  the  diftillery. 

It  is  alfo  probable,  that  if  the  large  new  root-fuckers  of  other  pe- 
rennial plants,  which  do  not  bear  bulbous  or  tuberous  roots,  and 
which  are  late  in  ripening  their  feeds,  or  do  not  ripen  them  perfectly 
in  this  climate,  were  cut  or  torn  off  early  in  the  feafon,  as  of  the 
rheum  palmatum,  palmated  rhubarb,  or  rheum  hybridum,  mule 
rhubarb;  or  if  their  roots  were  confined  in  garden-pots,  that  they 
might  be  more  liable  completely  to  ripen  their  refpe&ive  feeds.  See 
Sea.  XV.  2.  4. 

IV.  1.  T 0 generate  the  beji  kinds  of  feeds  the  mod:  healthy  plants 
muft  be  chofen,  and  thofe  which  are  mofl:  early  in  refpea  to  the  fea- 
fon ; thefe  fhould  be  fo  infulated,  as  to  have  no  weak  plants  of  the 
fame  fpecies,  or  even  genus,  in  their  vicinity,  left  the  fecundating 
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dull  of  weaker  plants  {hould  be  blown  by  the  winds  upon  the  ftig- 
mata  of  the  Wronger,  and  thus  produce  a lefs  vigorous  progeny. 

Where  new  varieties  are  required,  the  male  duft  of  one  good  va- 
riety, as  of  the  nonpareil  apple,  fhould  be  fhed  upon  the  ifigmas  of 
another  good  variety,  as  of  the  golden-pippin  ; and  it  is  probable 
fome  new  excellent  variety  might  be  thus  generated. 

Mr.  Knight  has  given  a (furious  experiment  of  his  impregnating 
the  ftigmas  of  the  pea-bloffoms  of  one  variety  with  the  farina  of  ano- 
ther. Fie  fays,  Treatife  of  Apple  and  Pear,  p.  42,  “ Bloffoms  of  a 
fmall  white  garden-pea,  in  which  the  males  had  previoufiy  beeti 
deffroyed,  were  impregnated  with  the  farina  of  a large  clay-coloured 
kind  with  purple  blolloms.  The  produce  of  the  feeds  thus  obtain- 
ed were  of  a dark  grey  colour,  but  thefe  having  no  fixed  habits,  were 
foon  changed  by  cultivation  into  a numerous  variety  of  very  large  and 
extremely  luxuriant  white  ones  ; which  w^re  not  only  much  larger 
and  more  produdlive  than  the  original  white  ones,  but  the  number 
of  feeds  in  each  pod  was  increafed  from  feveti  or  eight  to  eight  or 
nine,  and  not  unfrequently  to  ten.  The  newly  made  grey  kinds  I 
found  were  eafily  made  white  again  by  impregnating  their  blofloms 
with  the  farina  of  another  white  kind.  In  this  experiment  the  feeds, 
which  grew  towards  the  point  of  the  pod,  and  were  by  pofition  firft 
expofed  to  the  adtion  of  the  male,  would  fometimes  produce  feeds 
like  it  in  colour,  whilft  thofe  at  the  other  end  would  follow  the  fe- 
male. 

“ In  other  inftances  the  whole  produce  of  the  pod  would  take 
the  colour  of  one  or  other  of  the  parents  ; and  I had  once  an  inftance 
in  which  two  peas  at  one  end  of  a pod  produced  white  feeds  like  the 
male,  two  at  the  other  end  grey  ones  like  the  female,  and  the  central 
feeds  took  the  intermediate  fhade,  a clay  colour.  Something  very 
fimilar  appears  to  take  place  in  animals,  which  produce  many  young 
ones  at  a birth,  when  the  male  and  female  are  of  oppofite  colours. 
From  fome  very  imperfedt  experiments  I have  made,  I am  led  to  fuf- 
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pedt  that  confiderable  advantages  would  be  found  to  arife  from  the 
ufe  of  new  or  regenerated  varieties  of  wheat,  and  thefe  are  eafily  ob- 
tained, as  this  plant  readily  fports  in  varieties,  whenever  different 
kinds  are  fown  together.”  See  Sedt.  VII.  2.  6.  of  this  work. 

2.  The  white  and  blue  peas  fown  in  fields  as  well  as  in  gardens 
fometimes  poffefs  the  property  of  becoming  foft  by  boiling,  at  other 
times  not.  This  circumitance  is  faid  to  depend  on  the  nature  of  the 
foil,  but  has  not  yet  been  fufficiently  invefligated  j perhaps  the 
greater  or  lefs  maturity  of  the  peas  at  the  time  of  reaping  them  may 
have  more  or  lefs  contributed  to  fill  their  fibrous  cells  or  divifions  with 
mucilage  or  ftarch.  The  greater  or  lefs  mealinefs  produced  by  boil- 
ing potatoes  feems  to  be  an  analogous  circumftance,  and  is  thought 
by  fome  to  arife  from  the  nature  of  the  foil  rather  than  from  the  fpe~ 
cies  or  variety  of  the  planted  root. 

The  mealinefs  of  fome  boiled  potatoes,'  and  the  foftnefs  of  fome 
boiled  peas,  may  occafionally  be  affedfed  by  the  acidity  of  the  fpring, 
water,  in  which  they  are  boiled;  but  is  generally  I fuppofe  ow- 
ing to  the  mucilage  of  fome  of  them  being  more  or  lefs  coagulable 
by  heat,  than  that  of  others.  Something  fimilar  to  which  obtains  in 
animal  mucus,  as  the  cryftalline  humour  of  the  eyes  of  fifh  become 
hard  and  opake  by  boiling;  while  the  fkins  of  animals,  and  the  ten- 
dons of  their  feet,  become  a foft  mucus  or  jelly  by  boiling  ; and  fome 
of  the  liquids,  which  are  found  in  the  cells  or  cavities  of  the  body  in, 
dropfies,  are  obferved  to  coagulate  by  heat,  and  others  to  become, 
more  fluid.  The  caufes  of  this  difference  merits  further  inquiry. 

V.  1.  Tooolledl  good feedsK, according  to  the  obfervations  ofMr.Cooper 
of  Philadelphia,  confifls  not  in  procuring  new  feeds  from  diflant 
places,  as  is  generally  fuppofed,  but  in  feleding  the  befl:  feeds  and 
roots  of  his  own  ; which  though  he  has  continually  fown  or  planted  : 
them  in  the  fame  foil,  every  article  of  his  produce  is  greatly  fuperior 
to  thofe  of  any  other  perfon,  who  fupplies  the  market,  and  they  feem 
ftill  in  a Rate  of  improvement.  He  believed  that  no  kind  of  inceft 
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would  degenerate  the  breeds  of  vegetables,  and  therefore  adopted  the 
plan  of  Mr.  Bakewell  in  England  in  refpect  to  quadrupeds,  who  con- 
tinued to  improve  his  flocks  and  herds  by  the  marriages  of  thofe,  in 
which  the  properties  he  wifhed  to  produce  were  moft  confpicuous 
^without  regard  to  confanguinity  or  inceft. 

Mr.  Cooper  w as  led  to  his  prefent  practice,  which  he  began  more 
than  forty  years  ago,  by  obferving  that  vegetables  of  all  kinds  were 
very  fubjedt  to  change  with  refpedt  to  their  time  of  coming  to  matu- 
rity, and  other  properties,  but  that  the  beft  feeds  never  failed  to  pro- 
duce the  beft  plants.  Among  a great  number  of  experiments  he  par- 
ticularly mentions  the  following. 

“ About  the  year  1746  his  father  procured  feeds  of  the  long  wa- 
tery fquafh,  and  though  they  have  been  ufed  on  the  farm  ever  fince 
that  time  without  any  change,  they  are  at  this  time  better  than  they 
were  at  the  firft. 

“ His  early  peas  were  procured  from  London  in  the  year  1756,  and 
though  they  have  been  planted  on  the  fame  place  every  feafon,  they 
have  been  fo  far  from  degenerating,  that  they  are  preferable  to  what 
they  were  then.  The  feeds  of  his  afparagus  he  had  from  New  York 
in  1 752,  and  though  they  have  been  planted  in  the  fame  manner, 
the  plants  are  greatly  improved. 

“ It  is  more  particularly  complained  of,  that  potatoes  degenerate, 
when  they  are  planted  from  the  fame  roots  in.  the  fame  place.  At 
this  Mr.  Cooper  fays,  he  does  not  wonder,  when  it  is  cuftomary  with 
farmers  to  fell  or  confume  the  beft,  and  to  plant  from  the  refufe ; 
whereas  having  obferved  that  fome  of  his  plants  produced  potatoes, 
that  were  larger,  better  fh-aped,  and  in  greater  abundance  than  others, 
he  took  his  roots  from  them  only  ; and  the  next  feafon  he  found,  that 
the  produce  was  of  a quality  fuperior  to  any,  that  he  had  ever  had  be- 
fore. This  practice  he  ftill  continues,  and  finds  that  he  is  abundantly 
rewarded  for  his  trouble. 

“ Mr.  Cooper  is  alfo  careful  to  fow  the  plants,  from  which  lie  raifes 
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his  feed,  at  a confiderable  difrance  from  any  others.  Thus,  when 
his  radifhes  are  fit  for  ufe,  he  takes  ten  or  twelve,  that  he  mod:  ap- 
proves, and  plants  them  at  lead  one  hundred  yards  from  others,  that 
bloifom  at  the  fame  time.  In  the  fame  manner  he  treats  all  his  other 
plants,  varying  the  circumdances  according  to  their  nature. 

“ About  the  year  1772  a friend  of  his  fent  him  a few  grains  of  a 
fmall  kind  of  Indian  corn,  not  larger  than  goofe  fhot,  which  produc- 
ed from  eight  to  ten  ears  on  a dalk.  They  were  alfo  fmall,  and 
he  found,  that  few  of  them  ripened  before  the  frod.  Some  of  the 
larged  and  earlied  he  faved,  and  planted  them  between  rows  of  a 
larger  and  earlier  kind,  and  the  produce  was  much  improved.  He 
then  planted  from  thofe  that  had  produced  the  greated  number  of 
the  larged  ears,  and  that  were  the  fird  ripe,  and  the  next  feafon  the 
produce  with  refpedt  to  quality  and  quantity  was  preferable  to  any, 
that  he  had  ever  planted  before. 

“ The  common  method  of  faving  feed-corn  by  taking  the  ears 
from  the  heap  is  attended,  he  fays,  with  two  difadv^ntages  ; one  is 
the  taking  the  larged  ears,  of  which  in  general  only  one  grows  on  a 
dalk,  which  leflens  the  produce  ; and  the  other  is  taking  ears  that 
ripen  at  different  times. 

“ Many  years  ago  Mr.  Cooper  renewed  all  the  feed  of  his  winter 
grain  from  a {ingle  plant,  which  he  had  obferved  to  be  more  produc- 
tive, and  of  a better  quality  than  the  red  ; which  he  is  fatisfied  has 
been  of  great  ufe.  And  he  is  of  opinion,  that  all  kinds  ot  garden 
vegetables  may  be  improved  by  the  methods  defcribed  above,  par- 
ticular care  being  taken  that  different  kinds  of  the  fame  vegetables  do 
not  bloom  at  the  fame  time  near  together  ; fince  by  this  means  they 
injure  one  another.”  Communications  to  the  Board  of  Agriculture, 
Vol.  I.  part  3.  Letter  from  Dr.  Priedley. 

2.  As  the  varieties  of  plants  are  believed  to  be  produced  by  different 
foils  and  climates,  which  varieties  will  afterwards  continue  through 
many  generations,  even  when  the  plants  are  removed  to  other  foils 
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and  climates,  it  muft  be  advantageous  for  the  agricultor  to  infped 
other  crops  as  well  as  his  own;  and  thus  wherever  he  can  find  a 
fuperior  vegetation  to  colled  feeds  from  it ; which  is  more  certain  to 
improve  his  crops  than  an  indifcriminate  change  of  feed. 

But  where  feed-corn  is  purchafed  without  a previous  obfervation 
of  its  fuperior  excellence,  perhaps  it  would  be  more  advantageous  to 
take  that  from  better  kinds  of  foil,  and  from  fomewhat  better  cli- 
mates ; as  the  good  habits  acquired  by  fuch  feeds  may  be  continued 
long  after  their  removal  to  inferior  fituations.  And  on  the  contrary, 
care  fhould  be  taken  not  to  colled  a change  of  feeds  from  worfe  cli- 
mates or  inferior  Foils,  unlefs  the  agricultor  is  previoufly  certain  that 
they  are  of  a fuperior  kind. 

VI.  I.  To  determine  the  goodnefs  of  feeds , the  weighing  a given  mea- 
fure  of  them  may  generally  be  efteemed  a criterion;  as  it  is  known, 
that  when  feeds  are  put  into  cold  water,  thofe  which  are  lefs  perfed 
are  liable  to  fwim,  and  the  found  ones  to  fink  ; thus  the  imperfed 
feeds  of  rye-grafs  and  of  clover  may  be  deteded  by  throwing  a fpoon- 
ful  of  them  into  water ; but  the  feeds  of  rye-grafs  are  faid  to  be  fre- 
quently adulterated  by  a mixture  of  the  feeds  of  twitch  or  dog’s  grafs, 
which  can  only  be  difcovered  by  an  experienced  eye.  This  even  is 
faid  to  be  a teft  of  the  goodnefs  of  malt  ; as  thofe  grains,  which  are 
not  perfedly  germinated,  will  fwim  with  one  end  upwards,  I fuppofe 
the  root  end  ; and  thofe  which  are  perfedly  germinated  fwim  on  their 
fide,  whilfi:  the  found  ungerminated  barley  finks  in  water. 

It  is  therefore  a proper  criterion  of  good  feed-wheat  to  call:  it  into 
fait  and  water,  juft  fo  faline  as  to  float  an -egg  ; as  the  more  fait  is 
difiolved  in  the  water,  the  heavier  it  becomes  ; and  hence  none  but 
quite  found  grains  of  wheat  will  fink  in  this  brine;  and  that  which 
fwims  is  properly  rejeded.  This  rejedion  of  the  light  grains  by 
deeping  wheat  in  brine  is  probably  of  greater  confequence  to  the  en- 
fuing  crop,  than  the  adhefion  of  any  fait  to  the  grain,  which  has 
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been  believed  to  deffroy  the  eggs  of  infedts  fuppofed  to  adhere  to  it, 
cr  to  fertilize  the  foil. 

2.  The  weight  of  a given  meafure  of  corn  will  alfo  with  confider- 
able  certainty  difeover  the  quantity  of  hulk  or  bran  contained  in  it, 
compared  to  the  quantity  of  -flour  ; as  that  grain,  which  is  cut  too 
early,  or  which  is  other  wife  not  quite  ripe,  as  happens  in  wet  fea- 
fons,  fhrinks  in  the  barn  or  granary,  and  becomes  wrinkled,  and  has 
thus  a greater  proportion  offkin  or  bran,  than  that  which  has  been, 
more  perfectly  ripened,  and  will  hence  weigh  lighter  in  proportion. 

A tefl:  ofithis  kind  may  enable  us  to  determine  whether  peas  and 
beans,  or  oats,  are  preferable  in  refpedt  to  economy  as  provender  for 
horfes.  A ftrike  or  bufhel  of  oats  weighs  perhaps  forty  pounds,  and 
a ftrike  or  bufhel  of  peas  and  beans  perhaps  fixty  pounds  ; and  as 
the  fkin  of  peas  and  beans  is  much  lefs  in  quantity  than  that  of  oats, 
I fuppofe  there  may  be  at  leaft  fifteen  pounds  of  flour  more  in  a ftrike 
of  peas  and  beans  than  in  a ftrike  of  oats.  There  is  alfo  reafon  to  be- 
lieve, that  the  flour  of  beans  is  more  nutritive  than  that  of  oats,  as 
appears  in  the  fattening  of  hogs ; whence  according  to  the  refpec- 
«tive  prices  of  thefe  two  articles  I fufpedt,  that  peas  and  beans  gene- 
rally fupply  a cheaper  provender  for  horfes  than  oats,  as  well  as  for 
other  domeftic  animals. 

But  as  the  flour  of  peas  and  beans  is  more  oily,  I believe,  than  that 
of  oats,  it  may  in  general  be  fomewhat  more  difficult  of  digeffion  ; 
hence  when  a horfe  has  taken  a ftomach  full  of  peas  and  beans  alone, 
he  may  be  lefs  adiive  for  an  hour  or  two,  as  his  flrength  will  be  more 
employed  in  the  digeftion  of  them,  than  when  he  has  taken  a flomach 
full  of  oats.  According  to  the  experiment  of  a German  phyfician, 
who  gave  to  two  dogs,  which  had  been  kept  a day  faffing,  a large 
quantity  of  flefih  food  ; and  then  taking  one  of  them  into  the  fields 
hunted  him  with  great  adfivity  for  three  or  four  hours,  and  left  the 
other  by  the  fire.  An  emetic  was  then  given  to  each  of  them,  and 
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the  food  of  the  fleeping  dog  was  found  perfectly  digefted,  whilft  that 
of  the  hunted  one  had  undergone  but  little  alteration. 

Hence  it  may  be  found  advifable  to  mix  bran  of  wheat  with  the 
peas  and  beans,  a food  of  lefs  nutriment,  but  of  eafier  digeftion  ; or 
to  let  the  horfes  eat  before  or  after  them  the  coarfe  tuflocks  of  four 
grafs,  which  remain  in  moift  paftures  in  the  winter  ; or  laftly,  to 
mix  finely  cut  flraw  with  them. 

3.  Another  way  of  diftinguifhing  light  corn  from  heavy  is  by  win- 
nowing ; as  the  furface  of  the  light  grains  being  greater  in  proportion 
to  their  folid  contents,  they  will  be  carried  further  by  the  current  of 
air,  which  is  produced  by  the  van;  though  the  heavy  grains  would 
roll  further  on  the  floor  after  rolling  down  a grate  to  feparate  the 
dufl ; becaufe  their  vis  inertias  would  carry  them  further,  after  they 
are  put  in  motion  ; and  their  furfaces  would  be  refilled  by  the  air  no 
more  than  thofe  of  the  lighter  grains. 

4.  Finally,  there  is  reafon  to  believe  that  a progreffive  improve- 
ment of  many  feeds  exifls  during  the  warmer  days  of  winter  in  our 
granaries,  which  probably  confifts  in  the  procefs  of  the  converfion  of 
mucilage  into  flarch  ; in  the  fame  manner  as  the  harfh  juices  of  crab- 
apples,  and  of  auflere  pears,  are  continually  changing  into  fugar  dur- 
ing the  winter  ; both  which  proceffes  are  probably  in  part  chemical, 
like  the  flow  but  perpetual  change  of  fugar  into  vinous  fpirit,  when 
the  juices  of  fweeter  apples  and  pears,  or  grapes,  are  put  into  bottles 
in  the  manufacture  of  cyder,  perry,  and  wane. 

This  improvement  of  wheat,  and  of  barley,  and  of  oats,  is  well 
knowh  to  the  baker,  the  maltfier,  and  the  horfe-dealer ; as  better 
bread  is  made  from  old -wheat,  and  barley  is  converted  into  better 
malt  in. the  vernal  months ; and  horfes  are  believed  to  thrive  better, 
and  to  poflefs  more  vigour,  when -they  are  fed  with  old  than  with 
new  oats. 

VII.  1.  the  prefervatio?i  of  feeds  next  demands  our*;  attention. 
Thofe.feeds  which  are.  liable  to  lie  upon  the  ground,  as  peas  and 
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corn,  when  thrown  down  by  flormy  or  wet  feafons,  fhould  be  ga- 
thered rather  earlier ; left  they  fhould  begin  to  germinate,  as  they  lie 
'•upon  the  ground,  and  would  hence  become  a kind  of  malt  after  dry- 
ing. Other  feeds  fhould  be  gathered,  before  they  would  fpontane- 
oufly  fall  from  their  pericarps,  to  prevent  the  lofs  which  muft  other- 
wife  enfue  in  the  reaping,  or  mowing,  and  carrying  them  to  the 
barn,  which  often  amounts  to  as  much  as  is  neceffary  to  fow  the 
land,  which  produced  it,  as  well  as  to  fupply  the  depredations  of 
birds,  infeiis,  and  vermin. 

Monf.  B.  G.  Sage  accufes  the  farmers  of  fome  parts  of  France  of 
collecting  their  wheat  with  many  green  weeds  immediately  after 
reaping  it,  and  preffing  it  clofe  together  in  their  barns  ; by  which 
the  ftack  undergoes,  a fermentation  with  great  heat  like  fome  hay- 
ftacks  ; and  that  the  corn  is  by  this  fermentation  killed,  and  will  not 
grow  when  fown  like  hay-feeds  from  a fermented  hay-flack,  men- 
tioned in  SeCt.  X.  1 1.  7 ; and  alfo  that  the  gluten,  or  vegeto-animal 
matterof  the  corn,  is  deflroyed  ; and  it  on  that  account  makes  lefs  agree- 
able and  lefs  wholefome  bread  ; and  laflly,  that  the  flraw  is  much  in- 
jured by  becoming  mouldy.  Journal  de  Phyfique,  Sep.  1794. 

Monf.  B.  G.  Sage  adds,  that  the  following  procefs  will  difcover, 
whether  wheat  has  been  thus  injured,  which  may  be  interefling  both 
to  the  baker,  and  wheat- buyer,  who  wants  it  for  feed- wheat.  Make 
a pafte  with  flour  and  water,  then  wafh  it  with  your  hands  under 
water,  which  mull:  be  frequently  changed,  till  it  no  longer  becomes 
difcoloured.  The  fubflance  .remaining  in  the  hands  is  the  gluten; 
if  the  cbm  be  good,  this  is  elaflic,  and  will  contrail  when  drawn 
out ; if  the  com  has  begun  to  heat,  it  is  brittle  ; if  the  corn  has  fer- 
mented, none  of  the  gluten  will  be  obtained.  , v 

In  this  country,  where  corn  is  feldom  cut  too  early,  or  preffed  to- 
gether on  the  flack,  the  principal  circumflance  required  is  to  keep 
it  dry;  as  the  flraw  is  not  liable  to  ferment  like  new  hay  made  with 
young  grafs,  which  contains  fugar  at  every  joint  of  the  flem.  To 
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preferve  a ftack  of  wheat  dry,  a good  cover  of  thatch  tiny  feem  fuf- 
hcient ; but  as  this  is  liable  to  injury  by  vermin,  it  would  be  an  ad- 
ditional fecurity,  if  at  the  time  of  making  the  ftack  the  (heaves  were 
laid  higheft  in  the  middle,  and  lower  on  every  fide,  fo  that  if  any 
wet  (hould  find  its  way  into  the  ftack,  it  might  drain  onwards  along 
the  ftraw  of  the  (heaves,  which  would  thus  a£t  like  thatch  through- 
out the  whole  ftack. 

There  are  inftances  of  great  durability  of  feeds,  which  have  been 
preferved  dry,  and  fecured  from  either  fo  great  heat  or  fo  great  cold,  as 
might  deftroy  their  life  or  organifm.  Thus  there  is  an  account  of  the 
feeds  of  Indian  wheat,  which  grew  well  in  a hot-houfe  after  having 
been  kept  thirty-four  years,  as  was  accurately  afcertained.  Bath  So- 
ciety, Vol.  V.  p.  464.  And  it  has  been  lately  aflerted,  that  many 
feeds  of  more  than  a hundred  years  old,  which  were  found  in  fome 
old  herbarium  at  Vienna,  have  been  made  to  germinate  by  the  ufeof 
oxygenated  muriatic  acid  and  water.  Philof.  Magaz.  But  if  the  or- 
ganic life  of  a feed  be  deftroyed  by  froft,  or  fire,  or  mechanic  injury, 
putrefa&ion  fucceeds,  and  decompofition  ; as  when  the  organic  life  of 
an  egg  is  deftroyed  by  violently  agitating  it,  it  is  known  foon  to  pu- 
trefy. 

To  preferve  feeds  in  barns  or  granaries  our  principal  attention 
(hould  be  firft  to  make  them  dry,  and  fecondly  to  keep  them  dry ; 
becaufe  no  feeds  can  vegetate  without  moifture.  The  art  of  drying 
moft  feeds  rauft  confift  in  duly  ventilating  them,  efpecially  on  dry 
days;  which  may  be  done  by  frequently  turning  over  tfie  heaps  of 
them  ; and  to  preferve  them  dry  in  this  climate  the  door  and  windows 
of  granaries  (hould  open  to  the  fouth  to  receive  the  warmth  of  the 
fun,  with  apertures  round  the  building  for  fufficient  ventilation ; 
which  muft  be  prevented  from  admitting  rain  or  fnow  by  (heltering 
boards  on  the  outfide.  ~ 

The  heaps  of  corn  (hould  be  furrounded  with  boards  to  keep  them 
from  contact  with  brick  or  ftone  walls;  which,  when  warm  moift 
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fouth-weR  winds  fucceed  cold  north-eaft  winds,  are  liable  to  precipi- 
tate the  moifture  from  the  atmofphere  by  their  coldnefs,  and  to  com- 
municate it  to  all  bodies  in  contact  with  them.  For  a fimilar  purpofe 
in  ftables  fome  have  put  up  a tall  wooden  trunk  from  the  chamber  to 
the  room  below,  three  or  four  feet  fquare,  and  ten  or  twelve  feet  high, 
with  a Aiding  valve  to  draw  out  the  corn  below,  which  is  poured  in 
at  the  top  ; in  three  or  four  places  a tin  or  wooden  pipe  full  of  holes 
is  made  to  pafs  horizontally  through  the  box  to  give  air  to  the  corn, 
the  whole  of  which,  when  any  of  it  is  drawn  out  below,  is  moved 
in  defcending ; and  new  furfaces  of  corn  are  applied  to  the  air-holes 
of  the  horizontal  tubes. 

The  moft  fecure  way  of  preferving  a great  quantity  of  wheat,  ac- 
cording to  Mr. Tull,  is  by  gently  drying  it  on  a hair-cloth  in  a malt- 
kiln,  with  no  other  fuel  but  clean  ftraw,  and  no  greater  heat  than 
that  of  the  funfhine.  In  this  fituation  the  wheat  remained  from  four 
hours  to  twelve  hours,  according  to  the  previous  dampnefs  of  it.  Mr. 
Tull  knew  a farmer  in  Oxfordlhire  who  purchafed  wheat,  when  it 
was  cheap,  and  kept  it  by  thus  drying  it  for  many  years,  and  made  a 
large  fortune  by  felling  it  again  in  dearer  feafons.  The  life  of  the 
feed  was  not  dedroyed  by  this  procefs ; as  he  afferts,  that  fome  of  it 
grew,  which  had  been  kept  in  this  manner  feven  years ; whereas  in 
drying  potatoes  on  a mafr-kiln  fo  great  heat  was  employed  as  to  de- 
Rroy  their  life,  and  violent  putrefaction  enfued,  as  mentioned  in  SeCt. 
X.  9.  2. 

2.  A due  ventilation  alfo,  where  corn  is  kept  in  the  common 
warmth  of  the  atmofphere  in  this  climate,  is  neceflary,  except  in 
•feafons  of  froft,  and  alfo  the  admiflion  of  light as  other  wife  the  ve- 
getable mucor,  called  mould,  is  liable  to  grow  upon  the  corn,  and  in- 
jure it ; as  this  mucor  like  fome  other  fungufes  will  grow,  where 
there  is  little  or  no  change  of  air,  and  without  light,  as  in  cellars,  if 
there  be  fufficient  moiflure  and  warmth. 

' 3.  Another  method  of  preferving  feeds  may  confift  in  fecluding 
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them  from  heat,  as  in  granaries  beneath  the  foil  ; which  are  fo  deep 
or  fo  well  covered  with  earth,  as  not  to  be  affefled  by  the  difference 
of  feafons.  Thus  there  have  been  inftances  of  muftard-feed  produc- 
ing a crop  on  digging  up  earth,  which  had  not  been  removed  for  many 
years,  and,  as  was  believed,  even  for  ages.  And  in  ice-houfes  it  is 
probable,  that  not  only  feeds  might  be  long  preferved,  but  perhaps 
fruits  alfo  ; if  they  were  afterwards  very  gradually  thawed  by  putting 
them  into  cold  water,  that  they  might  not  be  deftroyed  by  the  too 
great  ftimulus  of  fudden  heat,  as  mentioned  in  Se£t.  XV.  4.  1. 

4,  Where  it  has  been  neceffary  fuddenly  to  collect  and  to  pre- 
ferve  great  heaps  of  corn  without  Ihelter  for  the  provifion  of  armies, 
fome  have  moderately  moiftened  the  upper  furface  of  the  heap  daily, 
which  has  occafioned  the  upper  grains  to  grow,  and  thus  to  produce 
a fward  or  turf  over  thofe  below  ; which,  it  is  laid,  has  thus  pre- 
ferved the  lower  part  of  the  magazine.  But  in  refpecl  to  granaries  for 
the  purpofe  of  laying  up  very  large  quantities  of  grain  to  prevent  fa- 
mines in  fcarce  years,  I fuppofe  the  Hacks  of  covetous  farmers,  who 
keep  their  corn  in  cheap  years,  hoping  to  fell  it  at  a better  price  in 
fcarce  ones,  is  a more  certain  method,  and  a cheaper  one  to  the  pub- 
lic, to  keep  up  a fufficient  Hock  of  corn,  than  by  any  other  experi- 
ment that  can  be  devifed. 

5.  Gardeners  in  general  prefer  new  feeds  to  old  for  their  principal 
Crops,  as  they  are  believed  to  come  up  fooner,  and  with  greater  cer- 
tainty, and  to  grow  more  luxuriantly.  “ But  peas  and  beans  of  a 
year  old,”  Mr.  Marlhall  obferves,  “ are  by  fome  preferred  to  new, 
as  not  fo  likely  to  run  to  ftraw.  And  cucumbers  and  melons  are  bell: 
to  be  feveral  years  old,  in  order  to  their  (hooting  lels  vigoroufly,  and 
thence  becoming  more  fruitful.  But  this  principle  is  carried  too  far 
by  fome  gardeners,  who  fay  thefe  feeds  cannot  be  too  old,  and  will 
allow  ten  years  to  be  within  bounds  ; three  for  cucumbers,  and  four 
for  melons,  however  is  age  enough. 

‘e  As  to  the  age  of  feeds,  at  which  they  may  be  fown,  it  is  uncer- 
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tain,  and  depends  much  upon  how  they  are  kept ; thofe  of  cucum- 
bers and  melons  are  good  a long  time,  becaufe  very  carefully  pre- 
served. 

“ Peas  and  beans  will  germinate  very  well  at  Seven  years  of  age ; 
but  the  feeds  of  lettuces  and  kidney- beans,'  and  Some  others,  are  not 
to  be  depended  upon  after  a year  or  two;  and  generally  Speaking  the 
Smaller  Seeds  are  of  the  leaft  duration.”  Marfhall  on  Gardening;. 

6.  Where  Seeds  of  a perifhable  nature  are  to  be  carried  to,  or  brought 
from,  diftant  countries,  I SuSpeft  that  covering  them  in  Sugar  would 
be  the  moft  certain  and  Salutary  method  of  preferving  them ; and 
even,  that  flefh  meat  cut  into  thin  flices,  and  covered  with  Sugar,  or 
Syrup,  or  treacle,  would  be  better  preferved  than  in  brine,  and  afford 
a much  more  Salutary  nourifhment  to  our  Sailors. 

Since  I wrote  the  above  I have  Seen  a paper  in  the  Tranfa&ions  of 
the  Society  of  Arts,  Vol.  XVI.  from  Mr.  Sneyde  of  Belmont  in  Staf- 
fordfhire,  who  having  obferved  Some  Seeds,  which  came  accidentally 
amongft  raifins,  to  grow  readily,  directed  many  Seeds  to  be  Sent  from 
the  Weft  Indies  covered  with  raifins,  and  others  in  Sugar,  and  others 
in  the  uSual 'manner  of  Sending  them,  and  found-,  that  thofe  im- 
merfed  in  Sugar  or  covered  with  raifins  both  looked  well,  and  grew 
readily  ; whereas  many  of  the  others  would  not  vegetate. 

Since  the  powder  of  frefh  burnt  charcoal  is  known  So  powerfully 
to  abforb  all  putrid  vapours,  it  is  probable -the  Seeds  mixed  with  and 
covered  with  charcoal  duft,  which  has  been  recently  burnt,  or  not 
long  expofed  to  the  air,  might  be  Successfully  employed  for  the  pre- 
servation of  Seeds  either  in  long  voyages,  or  in  domeftic  granaries. 

VIII.  1.  To  fow  feeds  advantageoufy  it  is  probable,  that  thofe  of  our 
native  plants  might  be  Suffered  to  drop  on  the  Surface  of  the  earth  in 
the  autumn,  as  they  fall  from  their  parent  plants,  covered  only  by 
their  deciduous  leaves  ; in  which  fituation  their  fruit  might  contri- 
bute to  nourifh  them,  as  our  crabs  and  floes ; or  defend  them  from 
infers,  as  the  acrid  hulk  of  the  walnut;  or  from  birds,  as  the  hard, 
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Hones  or  fhells  of  nuts  and  cherries,  flnce  this  is  the  procefs  of 
nature. 

But  when  the  feeds  brought  originally  from  other  climates  are  to  be 
fown,  an  attention  is  required  to  the  circumftance  of  feafon  and  of 
foil.  Thofe,  which  will  ripen  their  feeds  in  the  fame  year,  are  to  be 
fowed  in  the  early  fpring,  and  covered  lightly  with  earth  to  preferve 
them  from  birds  and  infe&s  ; and  Ihould  be  buried  thus  beneath  the 
foil,  foon  after  it  has  been  ploughed  or  dug,  as  its  interfaces  are  then 
replete  with  atmofpheric  air  ; which  may  be  neceflary  to  famulate 
into  elevation  the  plume  of  the  embryon  plant  ; as  the  moifture  of 
the  earth  is  neceflary  to  famulate  the  root  into  its  elongation  down-* 
wards. 

Thofe  feeds  neverthelefs,  which  will  not  perfect  their  vegetation  in 
the  fame  year,  mud  be  fown  in  the  early  autumn  ; and  though  all 
feeds  vegetate  better,  when  placed  but  a little  beneath  the  furface  of 
the  foil,  as  one  inch,  becaufe  they  have  then  a better  fupply  of  at- 
mofpheric air,  which  may  be  neceflary  for  their  firfl:  growth,  before 
they  have  acquired  leaves  above  ground  ; yet  as  many  foreign  feeds 
may  not  be  fufficiently  hardy  to  bear  our  inclement  winters,  it  may 
be  neceflary,  as  fome  believe,  to  bury  them  an  inch  and  a half,  or 
two  inches,  deep  in  the  foil,  to  prevent  the  frofls  from  doing  them 
injury,  as  well  as  to  preferve  them  from  the  depredation  of  birds. 
And  the  drill  femination,  or  fowing  all  kinds  of  feeds  in  rows,  is  the 
mod  convenient  method  for  fowing  them  at  a determined  depth,  and 
alfo  for  the  purpofe  of  keeping  the  young  plants  clear  from  weeds  by 
the  more  eafy  application  of  the  hoe. 

To  fow  many  feeds  earlier  than  is  ufually  pra&ifed  is  much  re- 
commended. There  is  a paper  by  Lord  Orford  in  Mr.  Young’s  An- 
nals of  Agriculture,  Vol.  IX.  p.  385,  who  feems  to  have  found  con- 
flderable  advantage  by  fowing  barley  fo  early  as  the  feventh  of  Fe- 
bruary, three  and  a half  bufhels  on  an  acre.  But  as  much  moifture 
with  or  without  fubfequent  froft  is  more  liable  to  deflroy  the  em- 

bryon 


462 


PRODUCTION 


Sect.  XVI.  8.2. 


bryon  in  its  very  early  Pate  in  the  feed,  than  after  it  has  (hot  out 
roots  and  a fummit,  and  thus  acquired  fome  habits  of  life  ; this 
early  fowing  muft  fometimes  be  pradtifed  with  caution.  Seeds  may 
neverthelefs  be  fown  {fill  earlier  in  hot-houfes,  or  in  warm  fixa- 
tions, as  peas,  beans,  wheat,  and  may  be  afterwards  tranfplanted  in 
the  vernal  months  with  fafety  and  advantage.  See  Se£t.  X.  3.  6. 

The  difficulty  of  determining  the  bell:  feafon  for  fowing  feeds  in  the 
fpring,  owing  to  the  variation  of  the  weather  in  the  fame  latitude, 
as  well  as  in  laying  down  the  exadl  feafons  for  fowing  in  different 
latitudes,  occafioned  Linneus  to  conftrudt,  what  he  terms  a calendar 
of  Flora  ; which  was  afterwards  adapted  to  this  climate  by  Stilling- 
fleet ; which  confifted  in  obferving  the  fir  ft  appearance  of  the  root- 
fcions,  or  flowers  of  the  uncultivated  native  vegetables  ; with  direc- 
tions to  fow  the  cerealia,  or  harveft  feeds,  when  fuch  plants  or 
flowers  became  vifible.  By  attention  to  fuch  obfervations  on  the  un- 
cultivated native  plants  in  many  climates,  it  is  probable,  that  ingeni- 
ous tables  might  be  produced,  which  might  diredt  the  bell:  time  of 
fowing  the  ufeful  feeds  in  all  latitudes,  and  in  all  fixations. 

Another  table  of  the  climates,  where  plants  grow  naturally,  and  of 
their  native  fixations  in  refpedt  to  moifture  or  drynefs,  hill  or  valley, 
with  the  kind  of  foil  where  they  were  originally  found,  might  alfo 
contribute  to  their  fuccefsful  cultivation. 

2.  In  the  gardens  near  large  towns,  where  the  land  is  more  va- 
luable and  better  manured,  gardeners  fometimes  fow  two  or  three 
kinds  of  feeds  on  the  fame  ground  for  the  purpofe  of  economy.  Thus 
Mr.  Marfhall  obferves,  that  “ on  the  fame  ground  they  fow  radifhes, 
lettuces,  and  carrots  ; the  radifhes  are  drawn  young  for  the  table,  the 
lettuces  to  plant  out,  and  a fufficient  crop  of  carrots  is  left ; for  car- 
rots, if  you  wifh  them  to  be  large,  fhould  not  grow  very  near  to 
each  other.” 

In  defence  of  this  mode  of  culture  it  is  faid,  if  one  crop  fails,  the 
others  may  do  well,  and  there  is  no  lofs  of  ground  or  time ; and  if 
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all  fucceed,  they  do  very  well.  Radifhes  and  ipinach  are  commonly 
fown  together  by  the  common  gardeners,  and  many  manoeuvres  of 
inter-cropping  are  made  by  them,  as  the  fowing  or  planting  between 
rows  of  vegetables  that  are  wide  afunder,  or  prefently  to  come  off, 
or  in  the  alleys  of  things  cultivated  on  beds. 

“ Thus  if  a piece  of  horfe-radifh  be  new  planted,  it  may  be  top- 
cropped  with  radifhes  or  fpiaach,  & c.  ; or  if  a piece  of  potatoes  be 
planted  wide,  a bean  may  be  put  in  between  each  fet  in  every  or 
every  other  row ; a thin  crop  of  onions  upon  new  afparagus  beds, 
is  a common  practice,  drawing  them  young  from  about  the  plants.” 
Introduc.  to  Gardening.  Rivington. 

O D 

The  farmer  likewife,  in  the  cultivation  of  grades  for  feeding  fheep, 
finds  an  advantage  in  fowing  a mixture  of  feeds  on  the  fame  ground, 
as  rye-grafs,  trefoil,  and  clover,  which  are  faid  to  fucceed  each  other 
in  refpedt  to  the  produ&ion  or  maturity  of  their  herbage,  as  in  Sedh 
XVIII.  1.  1.  And  for  the  purpofe  of  preventing  fmut  it  may  be  ufe- 
ful,  as  I have  before  obferved,  to  fow  in  the  fame  ground  in  feparate 
rows  two  kinds  of  wheat,  one  of  a forwarder  nature  than  the  other  ; 
whence  if  the  farina  of  one  kind  fhould  be  injured  by  wet  weather, 
that  of  the  other  may  impregnate  the  ears  of  both.  The  two  kinds 
of  wheat  recommended  are  bearded  wheat  and  lmooth-headed  wheat, 
which  are  called  by  farmers  cone  wheat  and  Lammas  wheat ; of  both 
of  which  there  are  many  varieties,  and  it  is  afferted  that  one  third  of 
cone  wheat  is  frequently  fowed  with  two  thirds  of  Lammas  wheat, 
and  that  the  crops  are  much  fuperior  to  either  of  them  feparately. 
Hall’s  Encyclop.  Art.  Agriculture. 

In  refpedl  to  kinds  of  foil  thofe  fhould  be  chofen,  which  have 
been  found  by  obfervation  to  fuit  particular  feeds,  both  in  regard  to 
their  nutritive  properties,  and  the  moifture  and  warmth  of  their 
fituations.  And  for  thofe  feeds,  which  produce  tuberous  roots  within 
the  earth  previous  to  their  flowering,  as  potatoes,  parfnips,  radifhes, 
a foil  of  lefs  cohefion  fhould  be  found  or  prepared, 
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3.  Add  to  this,  that  there  are  Tome  feeds,  as  thofe  of  earrots,  that 
are  fo  difficult  to  be  diffeminated  in  uniform  quantities,  that  it  has 
been  cuftomary  to  mix  them  previoufly  with  fand  or  garden  mould, 
for  the  purpofe  of  giving  them  weight,  or  bulk,  or  to  detach  them 
from  each  other.  And  fome  even  fuffer  them  to  begin  to  put  forth 
their  roots  in  fuch  a mixture  of  moift  fand  or  garden  mould  for  the 
purpofe  of  more  regularly  difperfing  them. 

In  dry  feafons  the  foaking  feeds  in  water,  a day  or  two  before 
committing  them  to  the  ground,  will  forward  their  growth,  as  well 
as  by  artificially  watering  the  ground  before  or  after  fowing  them ; 
and  the  foaking  them  in  a folution  of  fait  and  water  may  have  ano- 
ther advantage  of  giving  an  opportunity  of  rejecting  the  light 
feeds,  which  float,  and  perhaps  of  deftroying  fome  infe&s  which  may 
adhere  to  them  ; the  fprinkling  fome  kinds  of  feed  with  lime  may 
alfo  be  of  advantage  for  the  purpofe  of  deftroying  infefls,  if  fuch  ad- 
here to  them,  and  of  attracting  moifture  from  the  air,  or  lower  parts 
of  the  earth,  or  for  its  other  ufeful  properties;  but  where  the  feed, 
foil,  and  feafon,  are  adapted  to  each  other,  none  of  thefe  condiments 
are  required. 

It  may  neverthelefs  on  other  accounts  be  veryadvantageous  to  Beep 
many  kinds  of  grain  in  the  black  liquor,  which  oozes  from  manure 
heaps.  Mr.  Chappel,  in  the  papers  of  the  Bath  Society,  found  great 
benefit  by  Beeping  barley  in  the  fluid  above  mentioned  for  twenty- 
four  hours,  and  fkimming  off  the  light  grains.  On  taking  it  out  of 
the  water  he  mixed  wood-afhes  lifted  with  the  grain  to  make  it  fpread 
regularly,  and  obtained  a much  finer  crop,  than  from  the  fame  com 
fown  without  preparation.  To  this  we  may  add,  that  to  fteep  the 
feed  in  a folution  of  dung  in  water,  as  in  the  draining  from  a dung- 
hill, is  believed  in  China  both  to  forward  the  growth  of  the  plant, 
and  to  defend  it  from  variety  of  infedts,  according  to  the  information 
o-iven  to  fir  G.  Staunton. 

o • 

There  is  an  old  proverb,  “ fow  dry  and  fet  wet but  where  the 
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earth  has  been  lately  turned  over  by  the  plough  or  fpade,  there  can 
be  no  bad  confequence  from  fowing  during  rain  in  general ; but  in 
fome  clay  grounds  much  foftened  by  rain,  if  feed  be  put  into  holes, 
and  a dry  feafon  fucceeds,  an  impenetrable  cruft  may  fupervene  by  the 
exhalation  of  the  water,  and  the  fetting,  as  it  is  called,  of  the  clay  ; 
but  even  this  could  not  frequently  occur,  when  feeds  are  Town  in  the 
moift  weather  of  the  autumnal  months ; but  generally  in  both  cafes 
the  growth  of  the  feed  would  be  forwarded  by  the  moidure. 

4.  Where  the  fruit,  which  fnrrounds  any  kind  of  feeds,  can  be 
fowed  along  with  them,  it  may  anfwer  fome  ufeful  purpofe.  Thus 
the  fruit  of  crabs,  quinces,  and  fome  hard  pears,  will  lie  all  the 
winter  uninjured  covered  only  with  their  autumnal  leaves,  and  will 
contribute  much  to  nourilh  their  germinating  feeds  in  the  fpring.  So 
the  holly-berry  and  the  ivy-berry  remain  during  the  winter  months 
uninjured  by  the  rains  or  frods,  and  undevoured  by  birds  or  infeds, 
and  contribute  to  nourilh  their  germinating  feeds,  when  they  fall  on 
the  ground  in  the  fpring.  The  acrid  hulk  of  walnuts  fowed  along 
with  them  preferves  the  fweet  kernel  from  the  attack  of  infeds;  the 
fame  mu  ft  be  the  ufe  of  the  acrid  oil  of  the  calhew-nut.  The  haw- 
thorn pofTelfes  both  a nutritive  covering  and  a hard  Ihell  for  the  above 
purpofes ; and  the  feeds  of  rofes  are  armed  with  diff  pointed  bridles, 
as  well  as  furnilhed  with  a nutritious  fruit,  fo  long  known  as  an 
agreeable  conferve  in  the  Ihops  of  medicine,  conferva  cynofbati ; the 
former  conditutes  a defence  againd  infeds,  and  the  latter  fupplies  a 
refervoir  of  nutriment  for  the  germinating  feeds. 

5.  To  this  Ihould  be  added,  that  in  our  lliort  and  cold  fummersthe 
viviparous  buds  of  fome  vegetables  are  too  luxuriant,  and  do  not  pro- 
duce oviparous  buds  foon  enough  to  ripen  their  feeds,  as  melons  and 
cucumbers,  and  many  other  plants,  in  thofe  feafons  which  are  moider 
than  common.  It  is  believed,  that  by  walhing  the  feeds  of  melons 
and  cucumbers  from  the  faccharine  and  mucilaginous  matter  of  their 
fruit,  and  by  keeping  the  feed  three  or  four  years  before  it  is  ufed, 
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that  the  viviparous  buds  become  lefs  vigorous,  and  the  oviparous  ones 
more  numerous,  and  forwarder  in  their  flowering  ; and  for  the  pro- 
duction of  earlier  as  well  as  of  larger  crops  all  fuch  luxuriant  vegeta- 
bles diould  be  fown  early  in  the  vernal  feafon,  or  in  the  autumnal 
months,  if  they  are  not  too  tender  to  bear  the  winter  frofts. 

IX.  ^ueftion  concerning  general  enclofure. 

The  political  advantage  or  difadvantage  of  the  general  enclofure  of  a 
country  belongs  to  this  place,  as  it  more  particularly  affects  the  pro- 
duction of  the  cerealia,  or  corn-agriculture. 

There  can  certainly  be  no  objection  to  the  enclofure  of  commons, 
or  at  lead  to  the  divifion  of  them  into  private  property,  as  they  are  be- 
lieved to  produce  more  than  tenfold  the  quantity  of  fuftenance  to 
mankind,  if  they  are  employed  in  agriculture,  or  even  in  pafturage, 
than  by  nourithing  a few  geefe,  fheep,  or  deer,  in  their  uncultivated 
date  covered  with  fern,  heath,  or  gorfe. 

2.  The  advantage  of  encloflng  pafture-lands,  or  meadows,  can  not 
be  doubted  ; as  the  management  of  fattening  cattle,  of  milch-cow's, 
fheep,  and  horfes,  becomes  fo  much  eafler ; as  well  as  the  more  con- 
venient ufe  of  the  aftermath,  when  the  hay  is  carried  away. 

3.  The  lands  alfo  appropriated  to  the  production  of  garden  vegeta- 
bles and  fruit,  as  well  as  to  the  production  of  other  perennial  plants, 
which  are  ufed  in  the  arts,  as  hemp,  flax,  madder,  woad,  rhubarb  ; 
and  of  the  efculent  roots  or  herbage  raifed  for  the  confumption  of  cat- 
tle, as  turnips,  potatoes,  carrots,  cabbages,  certainly  require  to  be 
enclofed. 

4.  The  political  queflion  therefore  finally  concerns  only  the  arable 
lands,  and  afks  Amply,  whether  a general  enclofure  of  arable  lands  be 
favourable  or  unfavourable  to  the  population,  and  confequent  pro- 
fperity  of  the  country,  which  mud:  depend  on  the  comparative  quan- 
tity of  nutritive  proviflon,  which  is  likely  to  be  produced  from  the 
different  modes  of  its  cultivation. 
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Now  as  pafturage  requires  fewer  hands  in  the  management  of  it, 
and  lefs  art  and  attention  to  conduit  it,  than  agriculture  ; and  as  its 
products  in  flefh,  cheefe,  butter,  take  a higher  comparative  price  at 
market,  and  are  articles  of  greater  luxury,  than  the  products  of  arable 
land  in  corn,  we  may  conclude,  that  pafturage  will  prevail  in  all  en- 
clofed  provinces  over  agriculture.  And  as  perhaps  tenfold  the  num- 
bers of  mankind  can  be  fupported  by  the  corn  produced  on  an  hun- 
dred acres  of  land,  than  on  the  animal  food  which  can  be  raifed  from 
it,  it  follows,  that  an  enclofed  province  will  afford  fuftenance  to  a 
much  fmaller  population ; and  as  the  number  of  inhabitants  of  a 
country  depends  on  the  eafe,  with  which  parents  can  procure  fufte- 
nance for  their  families,  marriages  will  become  fewer,  and  the  people 
decreafe,  when  an  arable  country  is  converted  into  pafturage. 

This  laft  circumftance  appears  already  to  operate  in  thefe  realms, 
fince  about  half  a century  ago  much  corn  was  exported  annually,  but 
for  feveral  years  laft  paft  great  quantities  of  it  have  been  annually  im- 
ported for  our  own  fuftenance ; and  that  even  though  potatoes  are 
much  cultivated,  and  muft  therefore  leflen  the  confumption  of  grain, 
and  the  ungraceful  fafhion  of  covering  the  head  with  wheat-flour  is 
much  diminifhed.  Is  this  to  be  folely  aferibed  to  the  numerous  en- 
clofures  of  arable  lands,  or  in  part  to  the  confumption  of  corn  in  the 
diftilleries  ? 

One  very  important  confequence  of  any  country  producing  a 
greater  quantity  of  corn,  than  itconfumes,  and  of  thence  exporting  it 
to  foreign  nations,  even  by  means  of  a bounty,  confifts  in  its  cer- 
tainty of  preventing  famine,  the  moft  dreadful  of  human  calamities  ; 
as  in  years  of  fcarcity  the  ftream  of  exportation  can  be  flopped,  and 
produce  an  ample  fupply  by  its  ftagnation  at  home. 

Hence  when  a great  part  of  any  trail  of  country  becomes  employ- 
ed in  pafturage  inftead  of  agriculture,  the  inhabitants  will  become 
confumers  of  flefh  inftead  of  confumers  of  grain,  and  will  confe- 
quently  decreafe  in  number  from  the  want  of  fufficient  fuftenance. 

3 O 2 Befides 


468 


PRODUCTION 


Sect.  XVI.  9.  4. 

Befides  which  the  people  of  agriculture  are  more  adlive  and  robuft 
than  the  people  of  pafturage,  and  more  ingenious  in  the  invention;, 
and  ufe  of  machines  necefl'ary  for  the  more  artful  cultivation  of  the 
foil,  as  well  as  more  numerous,  and  will  confequently  become  fiupe- 
rior  to  them  in  arms  and  arts,  and  may  in  procefs  of  time  conquer 
them  ; which  reminds  us  of  the  Egyptian  Dynafty  of  Shepherd- 
kings,  who  were  fubdued  by  their  agricultural  rivals;  and  alio  of 
the  allegorical  hiflory  of  Cain  flaying  Abel,  which  were  probably  the 
names  of  two  political  hieroglyphic  figures  reprefenting  the  ages  of 
pafturage  and  of  agriculture  before  the  invention  of  letters. 

It  mull  hence  certainly  be  an  object  of  good  policy  to  encourage 
agriculture  in  preference  to  pafturage,  which  in  this  country  might 
be  effedled  by  preventing  the  enclofure  of  arable  lands,  and  alfo  of 
thofe  parts  of  commons,  which  are  beft  adapted  to  the  growth  of 
corn  ; though  the  whole  might  be  advantageoufly  divided  into  pri- 
vate property.  Unlefs  fome  other  means  could  be  devifed  of  pre- 
venting a nation  from  becoming  too  carnivorous,  or  of  duly  promot- 
ing the  cultivation  of  grain,  the  former  of  which  was  heretofore  pro- 
duced by  religious  faft-days  twice  a week,  and  the  latter  by  bounties 
on  the  exportation  of  corn.  To  which  might  be  added  a total  pro- 
hibition of  the  deftrudtive  manufactory  of  grain  into  fpirits,  or  into 
ftrong  ale,  and  thus  converting  the  natural  nutriment  of  mankind 
into  a chemical  poifon,  and  thus  thinning  the  ranks  of  fociety  both 
by  leftening  their  quantity  of  food,  and  (liortening  their  lives  by  difi* 
eafe. 

In  many  villages,  where  much  arable  lands  have  been  lately  en- 
doled,  the  numbers  of  labouiing  people  have  quickly  been  much  di- 
minifhed  both  by  the  fcarcity  of  food,  and  want  of  employment. 

Worfe  fares  the  land,  to  haftening  ills  a prey. 

Where  wealth  accumulates,  but  men  decay  j 
Princes  or  lords  may  flourilh,  or  may  fade, 

A breath  can  make  them,  as  a breath  has  made; 


But 
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But  a bold  peafantry,  their  country’s  fword, 

When  once  deftroy’d,  can  never  be  reftor’d. 

Goldsmith’s  Deserted  Village, 

Mankind  neverthelels  feems  by  nature  to  be  defigned  to  fubfift  on 
both  vegetable  and  animal  nutriment,  which  appears  from  the  length 
of  his  inteftines,  which  like  thofe  of  fwine  are  much  longer  than  the 
inteftines  ot  carnivorous  animals,  and  much  Ihorter  than  thofe  of  the 
vegetable  eaters ; and  which  alfo  appears  from  the  ftrudture  of  his 
teeth,  which  partakes  of  the  ftrudure  of  thole  of  the  carnivorous  and 
pbytivorous  animals ; and  laftly,  becaufe  thofe  people,  who  live  folely 
on  vegetables,  as  the  Gentoo  tribes  and  thofe  who  fublift  lolely  on 
animals,  as  the  tifh-eaters  of  the  northern  latitudes,  are  undoubtedly 
a feebler  generation  than  thofe  of  this  country,  who  exift  on  a mix- 
ture of  both.  A due  proportion  therefore  of  the  two  kinds  of  nou- 
rifhment,  fuch  as  perhaps  at  prefent  exifls,  or  lately  did  exift,  in  this 
nation,  muft  be  decidedly  the  bell: ; the  prefervation  of  which,  with 
the  prohibition  of  lpirits,  or  of  jftrong  fermented  liquors,  except  oc- 
calionally  as  medicines,  might  probably  render  thefe  kingdoms  more 
populous,  robuft,  profperous,  and  happy,  than  any  other  nation  in  the 
world.  But  if  the  luxurious  intemperance  of  confuming  flefh-meat 
principally,  and  of  drinking  intoxicating  liquors,  (hould  increafe 
amongft  us,  fo  as  to  thin  the  inferior  orders  of  fociety  by  fcarcity  of 
food,  and  the  higher  ones  by  difeafe  both  of  mind  and  body,  it  may 
hereafter  be  faid  of  Great  Britain,  amid  her  foreign  conquefts,  as  for- 
merly  of  ancient  Rome, 

Saevior  armis 

Luxuria  incubuit,  vi&uroque  uleifcitur  orbem, 
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SECT.  XVII. 

PRODUCTION  OF  ROOTS  AND  BARKS. 

Barks  of  trees  are  fimilar  to  their  roots.  All  roots  now  known  were  originally  from 
feeds.  I.  i.  Tuberous  or  bulbous  roots  of  turnip,  carrot , parfnip,  beet , are  re- 
fervoirs  of  nutriment  for  the  future  fern.  Not  fo  in  graffes.  Sugar  vifible  in 
beet  roots.  Small  beer  from  parfnip  roots . Alcohol  from  carrots.  The  knobby 
root  and  fiower-Jlem  are  fucceffive  plants.  Seleli  forward  feeds  from  vigorous 
plants,  and  a foil  not  cohefive.  Radifhes  on  hot -beds.  2.  Tuberous  roots  from  fub- 
terraneous  wires,  as  potatoes.  Pinch  off  the  flowers.  Make  a cellular  foil. 
Aerial  potatoes.  Curled  leaf  of  potatoes.  Sow  the  feed.  Plant  large  roots  and 

whole  ones.  Early  potatoes.  3.  Improve  ground  artichoke  and  pignut  by  feed. 

4.  Onions,  method  to  improve  them.  5.  Orchis,  ripen  the  feeds  of  it.  Snow 

drops.  Hyacinths.  Crocus.  Mart  agon  lily.  II.  1.  Palmated,  or  branching 
roots,  not  immediately  from  feed.  Perennial  roots,  like  barks  of  trees,  continue  to 

increafe  in  fize.  Should  remain  four  or  five  years  in  the  ground,  not  longer,  as 
rhubarb.  2.  Pinch  off  the  flowers,  as  in  rhubarb.  3.  Roots  of  aquatic  plants. 
Nymph  tea,  butomus,  cultivated  for  nutriment , wine,  or  vinegar.  4.  Art  to  pre- 
fer ve  roots.  Keep  them  alive,  between  32  and  48  degrees  of  heat,  covered  with 
pounded  charcoal,  faw-dufi , and  thatch,  or  dry  them  by  ventilation  and  heat. 

5.  Of  mu (hr corns.  Their  gills  are  their  lungs.  Are  animate  beings  without  locomo- 
tion. Are  of  animal  origin.  Conduit  galvanifm.  Mufhroom  fione,  truffles,  mo- 

rels, mufhrooms  with  acrid  juice.  Ear  fungus.  III.  1.  Barks  contain  fugar  and 
mucilage,  and  other  ingredients.  They  fhould  be  taken  off  before  the  buds  expand. 
2.  Oaks,  why  barked  in  fpring.  3.  Barks  of  elm  and  maple  might  make  fmall 

beer.  Of  holly  efculent.  Bird-lime  like  caoutchouc.  4.  Bitter,  aromatic.  Acrid 
barks.  5.  Refir ingent  and  colouring  barks  for  tanning  and  dying.  6.  Fibrous 
barks  of flax , papyrus,  mulberry,  and  birch.  7.  To  increafe  the  bark  pinch  off  the 

flowers. 
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flowers.  8.  Rub  off  the  mojs.  Sprinkle  with  water.  9.  Wounds,  of  the  bark. 

Paint  the  naked  alburnum.  10.  Canker.  Bind  on  a new  bark.  Plant  the 

branch  in  a divided  garden-pot. 

\ 

As  the  barks  of  trees  are  compofed  of  a congeries  of  the  long  cau- 
dexes  of  the  individual  buds,  which  confift  of  the  abforbent  veffels,. 
which  imbibe  nutriment  from  the  earth,  and  of  the  arteries  and  veins, 
which  fupply  nutriment  to  the  growing  vegetable;  of  the  glands, 
which  fecrete  from  the  vegetable  blood  the  various  acrid,  aftringent, 
or  narcotic,  juices  to  defend  them  from  the  depredation  of  infeCts  ; 
and  the  various  mucilaginous,  oily,  or  faccharine,  materials  for  the 
nourifhment  of  their  embryon  buds ; and  laftly,  of  the  organs  of  re- 
production. There  exifts  the  fhongefl  analogy  between  the  barks 
of  the  trunks  of  trees,  and  of  their  roots,  in  every  refpeCt ; except 
that  the  former  poffefTes  a cuticle  adapted  to  the  contaCt  of  the  dry 
atmofphere,  and  the  latter  a cuticle  adapted  to  the  contact  of  the  moifl 
earth,  which  differ  from  each  other  like  the  external  Ikin,  and  the 
mucous  membranes  of  animals.  And  finally,  as  thefe  long  caudexes 
of  the  buds  of  trees,  which  form  the  filaments  of  the  bark,  termi- 
nate in  radicles  beneath  the  foil,  and  in  leaves  in  the  air,  like  the 
broad  caudexes  with  the  radicles  and  afcending  Items,  or  foliage,  of 
herbaceous  plants,  they  exactly  refemble  each  other. 

We  fhall  therefore  divide  roots  for  the  purpofe  of  treating  of  their  ■ 
production  into  bulbous  or  tuberous  roots,  into  palmated  or  branch- 
ing roots,  and  into  barks  ; obferving  that  though  roots  and  buds- 
might  poffibly  have  exifted  before  feeds,  and  though  a great  number 
of  the  roots  ufed  for  nutriment,  or  for  the  purpofes  of  medicine,  or 
for  the  arts  of  dying  and  tanning,  are  immediately  produced  by  Buds, 
or  bulbs ; yet  are  they  all,  which  we  now  poffefs,  originally  derived, 

I fuppofe,  from  feeds ; becaufe  thofe  varieties,  which  have  been  pro- 
pagated from  buds  or  bulbs  for  many  centuries,  are  believed  to  ac- 
quire hereditary  difeafes,  and  gradually  to  perifh. 
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1.  Of  tuberous  and  bulbous  roots. 

I.  Some  tuberous  roots,  as  the  turnip,  braflica  rapa,  are  immedi- 
ately produced  from  feeds,  but  differ  from  the  other  plants,  which 
are  called  annual  or  biennial,  in  this  circumftance  ; that,  as  they  are 
generally  fowed  fo  late  in  the  feafon  as  not  to  have  time  to  produce 
flowers  and  feeds  in  the  fame  year,  they  produce  a knobby  root, 
which  confifts  of  a refervoir  of  nutritious  matter  for  the  future 
flower-flem,  which  is  to  rife  and  flourilh  in  the  fucceeding  fpring 
and  fummer ; whereas  the  common  annual  grades,  as  oats  and  bar- 
ley, do  not  previoufly  lay  up  a magazine  of  nutriment  in  their  roots, 
but  in  their  joints,  which  are  fweet  $ and  therefore  their  roots  are 
not  ufed  for  culinary  purpofes,  or  for  provender. 

Other  tuberous  roots  are  railed  in  the  fame  manner  from  feeds, 
but  are  generally  fown  alfo  fo  late  in  the  feafon  as  not  to  form  their 
flower-ftems  in  the  fame  year ; as  the  carrot,  daucus  carota ; the 
parfnip,  paftinaca  fativa  ; and  the  beet,  beta  vulgaris ; thefe  alfo  lay 
up  a flore  of  mucilaginous  and  faceharine  matter  in  their  roots  for  the 
growth  of  the  future  flowers.  In  the  beet-root  the  cryftals  of  fugar 
are  fometimes  vifible  by  a microfcope  ; and  I was  well  informed,  that 
a labourer  in  Lincolnlhire  made  fmail  beer  from  a deco&ion  of  parf- 
nip roots,  which  was  fpirituous  enough,  and  not  of  difagreeable  fla- 
vour ; and  Mr.  Hornby  of  York,  by  boiling  carrots,  and  fermenting 
the  juice  exprefled  from  them,  produced  two  hundred  gallons  of 
proof  fpjrits  from  twenty  tons  of  carrots.  Edinb.  Tranfa£t.  Vol.  II. 
p.  28.  Now  as  all  vinous  fpirit  has  been  fugar,  there  is  foundation 
to  hope  that  a method  may  be  difcovered  of  producing  and  feparating 
fugar  from  thefe  plants  of  our  own  climate  in  fufficient  quantity  for 
our  demeftic  confumption,  or  even  for  exportation. 

Other  tuberous  roots  are  propagated  from  feeds  in  the  fame  man- 
ner ; and  though  they  are  fowed  early,  and  produce  their  flower-flem 
and  feeds  in  the  fame  year,  yet  they  form  a knobby  root,  which  con- 
fifts 
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lifts  of  a magazine  of  nutritious  matter,  previous  to  the  elevation  of 
the  flower-ftem,  as  the  radifh,  rhaphanus  fativus,  and  carrot,  and 
beet,  when  Town  early.  I neverthelefs  fufpedt  that  thefe,  as  well  as 
the  preceding,  confift  in  reality  of  two  fucceflive  plants ; that  which 
forms  the  knobby  root,  and  that  which  is  formed  from  it,  as  fpokea 
of  in  Se<ft.  IX.  3.  6. 

For  the  production  of  roots  of  thefe  kinds,  which  are  immediately 
or  fecondarily  propagated  from  feeds,  our  attention  muft  be  applied 
to  collect  the  forwardeft  feeds,  and  from  the  beft  plants  of  the  kind ; 
and  to  fow  them  at  the  proper  feafon  of  the  early  fpring,  or  early  au- 
tumn ; and  in  a foil  which  contains  fufficient  vegetable  nourifhment, 
obferving,  neverthelefs,  that  as  carrots,  parfnips,  beets,  and  radifhes 
confift  of  knobs  formed  in  the  ground,  a lefs  adhefive  foil  is  to  be 
feleCted ; as  one  abounding  with  filiceous  or  calcareous  fand,  as  well 
as  with  carbonic  earth.  But  as  the  turnips  are  formed  chiefly  above 
ground,  this  attention  to  the  cohefion  of  the  foil  becomes  lefs  necef- 
lary,  fo  that  it  is  fufficiently  penetrable  by  the  fibres  of  their  ra- 
dicles. , 

There  is  another  art  of  producing  larger  roots  from  feed,  and  at 
an  earlier  feafon,  as  of  radifhes;  which  is  by  fowing  them  in  hot- 
beds in  the  early  fpring,  and  expoftng  the  tops  to  the  cold  air  during 
the  day,  as  this  prevents  the  luxuriant  growth  of  the  fummit,  and 
* increafes  that  of  the  root. 

2.  Other  tuberous  roots  are  generally  propagated  by  fubterraneons 
wires,  or  root-buds,  from  the  tuberous  roots  of  their  parents  through 
a long  generation,  and  not  either  primarily  or  fecondarily  from 
feeds  ; as  the  potato,  folanum  tuberofum  ; and  the  ground  artichoke, 
or  tuberous  fun-flower,  helianthus  tuberofus ; and  perhaps  the  pig- 
nut, bunium  bulbocaftanum. 

As  the  tuberous  roots  of  the  potato  planted  in  the  fpring  not  only 
produces  many  other  fimilar  tuberous  roots,  but  flowers  alfo  during 
the  fummer ; I was  led  to  fufpeCt,  that  pinching  off  the  flowers,  as 
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they  appeared,  would  contribute  to  increafe  the  number  or  enlarge 
the  fize  of  the  new  roots;  which  experiment  has  been  made  on  a 
fmall  fcale  by  one,  who  believed  it  to  fucceed  in  a degree  decifive  of 
its  utility.  See  Se<F.  XIX.  3.  1.  and  Sedt.  VII.  1.  3,  where  it  is  faid, 
that  pinching  off  the  flower-flems  of  bulbous-rooted  flowers,  when 
they  firft  appear  on  young  bulbs  only  a few  years  from  the  feed,  is 
believed  to  render  the  flower  duplicate. 

As  the  roots  of  potatoes  are  formed  beneath  the  earth,  the  foil, 
in  which  they  are  planted,  fhould  be  laid  hollow  and  full  of  cells,  or 
fhould  poffefs  lefs  cohefion  than  ufual,  to  facilitate  the  protrufion  of 
their  wires,  and  the  enlargement  of  their  roots.  This  fhould  be  done 
by  burying  fome  long  litter  of  ftraw  and  Fable  dung  under  the  foil ; 
for  as  potatoes^  are  believed  to  require  more  carbonaceous  earth  than 
carrots,  a mixture  of  fand  is  lefs  advantageous  to  them. 

I was  this  day  Ihewn  by  my  friend  Major  Trowel  of  Derby  a new 
variety  of  the  potato  in  his  excellent  new-made  garden,  the  foil  of 
which  conflFs  of  marl  mixed  with  lime  and  Fable-manure.  From 
one  root  there  appeared  to  iffue  fix  or  eight  Ferns  three  or  four  feet 
long,  at  every  joint  of  which  were  produced  new  potatoes ; at  the 
lower  joints  there  were  three  of  thefe  aerial  potatoes,  one  large  one 
the  fize  of  a pullet’s  egg,  and  a fmaller  one  on  each  fide  of  it.  At 
the  upper  joints  only  one  new  aerial  potato  adhered,  and  thefe  be- 
came fmaller  the  further  they  were  removed  from  the  root ; and 
finally,  at  the  fumnait  there  had  been  a flower  as  there  was  now  a 
feed-veffel,  called  a potato-apple.  All  thefe  new  potatoes  at  the  joints 
of  the  Ferns  were  green,  becaufe  they  had  not  been  etiolated  by  be- 
ing fecluded  from  the  light,  but  the  terreFrial  roots  were  white.  The 
larger  new  tuberous  roots  had  eves  on  them  like  a common  potato, 
but  the  fmaller  ones  had  begun  to  fhoot  out  a new  Fern  or  leaves 
from  their  upper  part.  This  variety,  which  may  be  termed  an  aerial 
potato,  is  analogous  to  the  magical  onion,  and  other  fpecies  of  al- 
lium, which  bear  cloves,  or  roots  on  their  fummits  inflead  of  feeds, 
1 and 
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and  like  the  viviparous  polygonum  ; but  differs  in  this  qircumftance, 
that  in  all  thofe,  I believe,  the  flowers  are  barren  in  refpe'dt  to  bear- 
ing feeds,  as  thofe  are  on  the  fummit  of  the  fpike  of  polygonum  vi- 
viparum ; but  in  the  aerial  potato  there  was  alfo  a feed-bearing 
flower  at  the  fummit  of  the  flem,  and  the  new  roots  only  at  the  la- 
teral joints.  I fhould  hope  this  proliferous  variety  by  cultivation  may 
become  permanent,  and  give  rife  to  a new  fpecies,  which  may  pro- 
duce both  aerial  potatoes  and  fubterraneous  ones,  a twofold  viviparous 
progeny. 

The  curling  of  the  leaves  of  potatoes,  which  is  attended  with  fo 
great  a diminution  of  the  quantity  and  fize  of  the  new  roots,  is  fup- 
pofed  to  be  owing  to  their  continued  propagation  by  fubterraneous 
buds  or  root-wires,  inflead  of  by  feed  ; that  hence  they  acquire  he- 
reditary difeafes,  like  the  canker  or  gangrene  of  apple  trees,  which 
have  for  one  or  two  centuries  been  propagated  by  grafting  the  fcions, 
as  mentioned  in  Se£l.  IX.  3.  4.  and  XV.  1.  4.  Hence  by  fowing  the 
feeds  of  potatoes,  and  cultivating  the  roots  thus  produced,  new  va- 
rieties may  probably  be  foon  acquired,  exempt  from  the  difeafe  of  the 
curled  leaf,  and  which  may  be  as  good  in  other  refpedts  as  thofe 
which  have  been  too  long  propagated  by  their  roots.  Some  have 
neverthelels  affirmed,  that  they  have  feen  curled  potato-plants  in  the 
fecond  year  from  the  feed  ; and  others,  that  they  have  feen  numer- 
ous infe£ts  on  thefe  curled  leaves  ; and  others,  that  the  potato-root, 
the  leaves  of  which  are  curled,  remains  hard,  and  lefs  difloluble  in 
the  foil,  which  I have  myfelf  witneffed.  More  obfervations  are 
wanted  to  elucidate  this  fubject. 

Another  caufe  of  the  degeneracy  of  potatoes  has  arifen,  I believe, 
from  planting  the  leaft  inflead  of  the  larged:  roots,  fee  Seel.  XVI.  5. 
and  which  confequently  poflefs  lets  vigorous  vegetation,  as  buds  and 
bulbs  fo  exactly  refemble  the  parent  plant.  Thus  the  fmall  bulbs, 
which  arife  from  tulip-roots,  will  produce  a rather  larger  bulb  an- 
nually for  three  or  four  years,  as  I am  informed  ; but  it  is  the  large 
s 3 P 2 new 
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new  central  bulb  only,  which  will  produce  a flower  the  next  fum- 
mer,  and  another  large  central  bulb  like  itfelf.  See  Sed)t.  IX.  3. 1. 
Another  caufe  of  the  degeneracy  of  potatoes  may  arife  from  dividing 
the  larger  roots  into  too  many  fets,  which  mud  deprive  the  embryon 
plant  of  much  of  its  appropriated  nutriment ; as  the  umbilical  part 
of  the  root  is  generally  thrown  afide  by  thofe  idly-ingenious  difledters 
of  it ; for  though  the  part,  where  the  umbilical  veflels  were  inferted, 
may  not  after  the  mature  growth  of  the  bulb  appear  to  poflefs  new 
veflels  from  the  embryon  plants,  fuch  as  are  feen  on  the  lobes  of  a 
growing  garden-bean  ; yet,  as  it  becomes  decompofed,  it  mud  fup- 
ply  mucilaginous  or  faccharine  nutriment  to  the  roots  of  the  new 
plants. 

As  the  potatoes  raifed  from  feeds  do  not  flower  on  the  fecond  or 
third  year,  refembling  in  this  circumftance  the  bulbs  of  tulips  and 
hyacinths  ; thefe  new  roots,  I am  told,  are  fold  as  early  potatoes,  and 
that  they  are  forwarder  in  their  growth  from  their  being  generally 
planted  without  being  divided  ; and  that  they  form  their  new  roots 
fooner,  as  they  do  not  flower.  To  improve  the  feeds  of  potatoes  fee 
Sedt.  XVI.  3.  4. 

The  following  method  of  planting  whole  potatoes  is  recommended 
in  Mr.  Adam’s  Eflays  on  Agriculture,  and  has  a promifing  appear- 
ance. 

“ The  idea,”  fays  he,  <c  which  I mentioned  before,  refpedting  the 
culture  of  the  Scotch  and  Anjou  cabbages,  might  be  fuccefsfully  ap- 
plied to  that  of  potatoes.  Let  us  fuppofe  the  ground,  in  which  they 
are  to  be  fet,  is  properly  prepared  by  plowing  : let  then  the  furrows 
be  drawn  in  it  at  four  feet  diflance  all  over  the  field,  and  eroded  by 
other  furrows  at  an  equal  diflance.  Where  thefe  interfedt  each  other 
Jay  in  fome  dung  from  a wheelbarrow,  extending  from  the  point  of 
interfedlion  fourteen  or  fifteen  inches  each  way : let  a man  follow- 
ing fpread  a little  of  the  mould  from  the  furrow  over  the  dung; 
let  a third  hand  put  one  whole  found  potato  at  the  point  of  interfec- 
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tion,  and  one  in  each  furrow,  at  a foot  diftance  from  the  centre, 
which  will  make  five  in  all : a fourth  hand  (hould  now  follow  with 
a barrow  full  of  leaves,  and  lay  them  over  the  plants ; (hould  then 
fprinkle  fome  mould  lightly  over  them,  and  leave  them  fo  till  the 
plants  (hoot. 

44  Thus  the  plants  will  occupy  a fpace  of  two  feet  each  way,  out 
of  the  four  feet  between  the  furrows  j and  the  remaining  intervals 
between  the  plants  on  each  fide  will  alfo  be  two  feet,  which  intervals 
I would  horfe-hoe  at  the  proper  periods,  firfl  one  way  of  the  field, 
and  then  acrols,  laying  the  mould  upon  the  plants  at  each  hoeing, 
fo  that  the  fpaces  which  the  plants  occupied  would  by  thefe  means 
become  little  fquare  hills  filled  with  roots ; and  the  intervals  be- 
tween being  thus  hoed  and  crofs  hoed,  would  have  the  ufual  good 
effedts  of  pulverizing  the  foil,  deflroying  the  weeds,  and  preparing 
the  land  in  the  beft  manner  poffible  for  a crop  of  wheat.” 

3.  The  ground  artichoke,  helianthus  tuberofus,  feldom  ripens  its 
feeds  in  this  country,  and  might  probably  be  much  improved  by 
ufing  methods  to  ripen  the  feed,  which  are  mentioned  in  Sedt.  XVI. 
3.  4 ; and  by  thus  producing  new  varieties  ; and  the  pignut,  bunium 
bulbocaltanum,  might  probably  by  cultivation  from  the  feed  fupply 
an  agreeable  and  falutary  root  to  be  eaten  like  chefnuts  either  raw  or 
roafted. 

4.  The  feeds  of  the  common  onion,  allium  cepa,  generally  pro- 
duce no  flower-flems  the  firft  year;  but  each  feed  produces  concen- 
tric leaves,  which  gradually  form  a large  bulb  below  them  with  one 
or  two,  and  fometimes  three,  lefs  internal  bulbs,  included  within 
three;  or  four  general  concentric  coats,  befides  the  three  or  four  coats 
appropriated  to  the  individual  bulbs,  as  defcribed  in  Sedt.  IX.  3.  2. 
On  the  next  year  fome  fpecies  of  this  genus  produce  bulbs  after  their 
flowers  inftead  of  feeds,  as  allium  fativum  and  magicum;  others  pro- 
duce not  only  flowers  but  alfo  bulbs,  as  allium  moly,  and  fpheroce- 
phalum.  If  the  bulbs  of  thefe  leaft  kinds  of  allium  were  planted 
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with  delign  to  produce  other  bulbs,  and  not  to  produce  feeds  ; it  is 
probable,  that  pinching  off  the  flowers  might  enlarge  the  new  bulbs, 
as  the  pinching  off  the  flowers  of  potatoes ; and  that  by  fuch  means 
a larger  kind  of  bulbs  of  fome  of  this  genus  might  be  procured. 

5.  Another  bulbous  root,  which  might  be  well  worthy  cultivation 
in  moift  ground,  is  the  orchis  morio  ; which  is  fold  under  the  name 
of  falep,  after  it  has  been  prepared  by  firfi:  fcalding  it  in  hot  water  to 
detrad  the  fkin,  and  afterwards  by  drying  it  in  an  oven  ; and  which 
then  affords  a nourishing  mucilage,  which  will  long  keep  uninjured. 
And,  if  it  was  cheaper,  might  probably  be  brought  into  more  exten- 
sive ufe  as  a culinary  vegetable,  as  mentioned  in  Sed.  XVI.  3.  4. 
The  orchis  morio  produces  one  large  new  root  annually,  and  proba- 
bly fome  fmaller  offsets,  as  otherwife  I do  not  perceive,  how  it  could 
increafe  in  our  meadows,  as  it  does  not  ripen  its  feeds  in  this  coun- 
try. 

If  the  new  root  be  taken  away  from  the  old  one  early  in  the  year, 
it  is  affirmed,  that  the  feeds  will  ripen  in  Sweden  ; which  are  other- 
wife  in  that  country,  as  in  this,  always  unprolific  ; this  experiment 
might  therefore  be  very  advantageous  to  the  cultivator.  Another 
method  of  inducing  orchis  to  bear  prolific  feeds  may  be  by  confining 
the  roots  in  garden  pots,  which  might  be  immeried  in  a moilf  foil, 
and  would  probably  bear  ripe  feeds;  as  the  lily  of  the  valley,  con- 
vallaria,  is  faid  to  do  by  crowding  its  roots  fo  much  as  to  prevent  the 
produdion  of  more  of  them,  Amenet.  Academ.Vol.VI.p.  120.  Athird 
method  of  procuring  feed  from  orchis  might  be  by  cultivating  a few 
of  them  in  a hot-houfe  for  that  purpofe. 

The  root  of  the  fnow-drop,  galanthus,  if  dug  up  in  winter,  and 
prepared  in  the  fame  manner,  might  poffibly  fupply  a nutritious  mu- 
cilage fimilar  to  that  of  the  orchis  ; as  I once  boiled  a few  of  them, 
and  found  on  tailing  them,  that  they  had  no  dilagreeable  flavour.  If 
prolific  feeds  could  be  procured  from  this  plant,  it  might  be  worth 
cultivation  for  the  fame  purpofes  as  the  orchis ; and  the  roots  of  the 
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hyacinth,  I am  informed,  are  equally  infipid,  and  might  be  ufed  as  an 
article  of  food  ; but  the  roots  of  crocus,  which  I boiled  and  tailed, 
had  a difagreeable  flavour,  and  might  probably  therefore  be  infalu- 
brious. 

Mr.  Gmelin  in  his  Hiflory  of  Siberia  aflerts,  that  the  roots  of  the 
lilium  martagon  are  ufed  as  food  in  that  country  ; and  it  is  probable, 
that  the  root  of  the  arum,  though  it  be  acrid  in  its  raw  Rate,  might 
fupply  palatable  and  falutary  nutriment  by  cookery  ; as  Mr. White 
afferts  in  his  Hiftory  of  Selborne,  p.  43,  that  it  is  fcratched  up  and 
eaten  by  th ruffes  in  fevere  fnowy  feafons,  and  it  is  known  foon  to 
lofe  its  acrimony  even  by  expofing  its  dry  powder  to  the  air  ; we  may 
add,  that  the  root  of  the  alphodelus  ramofus  is  ufed  to  feed  fwine  in 
France,  and  that  good  {larch  is  obtained  from  the  roots  of  white 
bryony  and  of  alftromeria  li£la. 

Other  bulbous  roots  are  propagated  by  florifls  with  great  attention 
for  the  beauty  of  their  flowers*  as  tulips,  hyacinths,  lilies,  and  many 
others.  For  an  account  of  fome  of  thefe  fee  SeCt.  IX.  3.  on  the 
growth  of  bulbs,  and  Sect.  XIX,  3.  1.  on  the  production  of  flowers. 

11.  Palmated  or  branching  roots. 

1.  The  bulbous  and  tuberous  roots  already  mentioned  were  either 
fuch,  as  were  primarily  derived  from  feeds,  as  the  turnip,  carrot,, 
parfnip,  radiff,  beet,  falfafi  ; or  fuch  as  were  fecondarily  derived 
from  feeds,  but  immediately  from  bulbs  or  knobs  fimilar  to  them- 
felves,  as  potatoes,  ground  artichoke,  orchis,  pig-nut.  But  the 
branching  or  palmated  roots,  which  are  ufed  as  food,  or  in  medicine, 
or  in  the  arts  of  dying,  are  feldom  produced  immediately  from  feeds, 
but  generally  from  preceding  roots,  and  are  hence  the  product  not 
of  annual  but  of  perennial  plants  ; as  the  root  of  liquorice,  gly- 
cyrrhiza  ; of  marfh  mallow,  alcea  ; .of  rhubarb,  rheum  ; and  of  mad- 
der, rubia  tinCloria-. 

The  roots  of  thefe  perennial  plants  ffoot  out  not  only  annual 
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Rems  with  numerous  flower-buds  above  ground,  but  alfo  other  new 
buds  on  their  caudex,  or  upper  part  of  the  roots  beneath  the  foil ; 
all  which  buds  protrude  their  new  caudexes  not  only  over  thofe 
Rems,  but  alfo  over  the  old  root-branches ; and  thus  form  annually 
a new  bark  over  the  old  root,  which  remains  alive  beneath  the 
ground,  though  the  Rem  perifties  by  the  winter  frofts.  This  happens 
exadly  in  the  fame  manner  as  the  bark  of  trees,  which  annually  is 
produced  over  the  old  bark  of  the  root  as  well  as  of  the  trunk;  but 
in  trees  the  Rem-bark  as  well  as  the  root-bark  furvives  the  winter. 

Hence  thefe  palmated  or  branching  roots  of  perennial  herbaceous 
plants,  as  of  rhubarb,  madder,  liquorice,  continue  to  rncreafe  in  fize 
by  the  fuper-addition  of  an  annual  new  bark;  but  in  four  or  five 
years  the  internal  part  begins  to  decay,  and  the  roots  therefore  fliould 
be  taken  out  of  the  ground  for  ufe  before  that  time.  It  is  faid  in  the 
tranfa&ions  of  the  Society  for  Encouragement  of  Arts,  Vol.  XVI. 
p.  226,  that  thofe  rhubarb  roots,  which  were  not  taken  up,  till  they 
were  feven  or  more  years  old,  were  moR  of  th^m  good  for  nothing 
from  the  decay  of  the  internal  part  of  the  root.  The  fame  is  faid  to 
happen  to  fome  bulbous  roots,  as  the  hyacinth  ; and  occurs  in  all 
thofe  roots,  which  are  faid  to  be  end-bitten,  as  a fpecies  of  fcabius 
called  devil’s-bit.  See  Se£t.  IX.  3.  5. 

They  Riould  then  be  taken  up  in  the  winter  months,  before  the 
new  buds  or  flower-Rems  begin  to  acquire  nourifliment  from  the 
root,  by  which  it  would  be  deprived  of  a part  of  the  nutritious,  co- 
louring, or  medical  matters  ; which  principally  refide  in  the  bark,  or 
alburnum  of  it.  On  this  laR  account  alfo  thefe  roots  fliould  not  be 
permitted  to  continue  in  the  ground  a much  longer  time  than  that 
above  mentioned,  though  the  internal  or  woody  part  of  the  root  may 
not  decay  ; as  the  woody  part  is  lefs  adapted  to  the  purpofes  expect- 
ed than  the  bark  and  alburnum,  which  cover  or  conflitute  the  nu- 
merous branches  of  the  root. 

2.  One  method  to  increafe  the  fize  of  thefe  palmated  or  branch- 
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ing  roots  may  be  by  pinching  off  the  flowers,  as  foon  as  they  appear, 
when  the  feeds  are  not  wanted;  this  I once  faw  pradifed  on  the 
rheum  palmatum  with  apparent  advantage,  as  well  as  on  potatoes,  as 
mentioned  above  ; as  more  nutriment  may  thus  be  derived  to  the 
new  buds  forming  on  the  roots. 

The  colouring  matter  fold  under  the  name  of  annotta,  or  arnotta, 
which  is  faid  to  be  obtained  from  the  {kin  of  the  kernel  of  the  bixa 
of  South  America,  or  of  the  enonymus  fhrub  cultivated  in  our  gar- 
dens, is  believed  to  be  much  adulterated  with  madder,  rubia  tindoria; 
the  root  of  w'hich  for  the  purpofe  of  colouring  cheefe  may  be  ufed 
inftead  of  arnotta,  and  is  to  my  knowledge  a perfectly  harmlefs  root, 
though  it  tinges  the  bones  of  young  animals  red,  who  eat  it  mixed 
with  their  food,  and  may  be  grown  by  cheefe-farmers  in  their  own 
gardens,  as  it  is  a very  hardy  perennial  plant,  and  requires  no  art  of 
cultivation.  It  may  be  ufed  either  by  pounding  the  frefh  root  and 
boiling  it  in  water,  or  by  drying  the  root  for  the  purpofe  of  preferv- 
ing  it,  and  afterwards  bruifing  and  boiling  it. 

For  the  cultivation  of  rubia  tindoria  fee  Miller’s  Gardener’s  Dic- 
tionary, who  defcribes  with  feveral  plates  the  manner  of  growing  and 
of  afterwards  preparing  this  root  in  prodigious  quantities  in  Holland ; 
and  adds,  “ that  if  the  cultivation  of  madder  was  carried  on  properly 
in  England,  that  it  would  not  only  fave  to  the  nation  the  great  an- 
nual fum  now  expended  in  the  purchafe  of  it  from  the  Dutch,  but 
would  employ  a great  number  of  hands,  from  the  time  harvefl:  is 
over,  till  the  fpring  of  the  year,  which  is  generally  a dead  time  for 
labourers ; and  the  parifhes  might  thence  be  much  eafed  of  the  poor’s 
rates,  which  is  a confideration  well  worthy  public  attention.” 

The  external  part  of  the  root  of  rubia  tindoria  is  coloured  red,  and 
its  internal  part  yellow,  which  diftinguifhes  it  from  moft  other  roots, 
which  are  generally  etiolated  owing  to  their  feclufion  from  the  light; 
which  liberates  their  fuperfluous  oxygen,  which  otherwife  deprives 
them  of  colour  as  in  bleaching,  by  uniting  with  their  colouring  mat- 
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ter,  and  converting  it  into  a colourlefs  acid,  except  where  the  colour- 
ing matter  abounds  in  too  great  quantity.  This  etiolation  of  mod 
roots  is  evidently  ow  ing  to  the  want  of  light,  becaufe  many  of  them, 
as  of  white  potatoes,  become  green  if  they  grow  above  ground. 

3.  The  roots  of  fome  aquatic  plants  are  ufed  in  medicine  both  of 
the  bulbous  and  palmated  kinds,  as  fcilla  maritima,  fquill  or  fea- 
onion,  and  the  iris  luteus,  yellow  water  flag,  and  the  acorus  cala- 
mus, aromatic  flag.  Other  aquatic  roots  are  laid  to  have  fupplied 
food,  as  the  ancient  lotus  in  Egypt,  which  has  been  by  fome  writers 
fuppofed  to  be  the  nymphasa  nelumbo.  Herodotus  affirms  in  his  En- 
terpe,  that  the  Egyptian  lotus  grows  in  the  Nile,  and  relembles  a 
lily  ; and  that  the  natives  dry  it  in  the  fun,  and  take  the  pulp  out  of 
it,  which  grows  like  the  head  of  a poppy,  and  bake  it  for  bread.  The 
white- flovVered  and  the  yellow-flowered  nymphasa  of  our  ponds  and 
rivers  has  a palmated  root  fometimes  three  inches  in  diameter.  In 
Siberia  the  roots  of  the  butomus,  flowering  ruffi,  are  eaten;  both 
which  well  deferve  further  attention,  as  they  grow  fpontaneoufly  in 
our  ditches  and  rivers,  which  at  prefent  produce  no  efculent  vegeta- 
bles, and  might  thence  become  an  article  of  ufeful  cultivation.  See 
Sedl.  IX.  2-.  5. 

Some  other  aquatic  roots,  as  well  as  terreftrial  ones,  might  proba- 
bly become  efculent  and  nutritive  by  boiling  or  roafling  them  to  de~ 
ftroy  their  acrimony.  Or  it  is  probable,  that  a wholefome  ftarch  might 
be  obtained  from  them,  as  from  the  roots  of  wffiite  bryonia,  as  is  af- 
firmed by  M.  Parmetier,  by  the  Ample  procefs  of  grating  the  root  bv 
a bread-grater  of  tinned  iron  into  cold  water,  and  depriving  it  of  its 
acrid  mucilage  by  frequent  cold  ablution.  And  laftly,  that  they  might 
be  fo  managed  as  to  undergo  fermentation  either  by  previous  germi- 
nation, or  by  adding  yeft  to  the  juice  expreffed  from  them  after 
boiling,  and  thus  be  converted  into  wine  or  beer,  from  which  a fpirit 
might  be  diddled,  or  vinegar  produced.  See  Se£t.  XI.  2.  5. 

4.  The  art  of  preferving  roots,  when  taken  out  of  the  ground, 
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confifts  either  in  keeping  them  alive  during  the  winter  without  fuf- 
fering  them  to  germinate,  as  life  prevents  the  fermentation  or  putre- 
faction of  their  juices  ; or  fecondly,  by  depriving  them  of  their  water. 
For  the  firft  purpofe  the  roots,  whether  bulbous  or  palmated,  fhould 
be  kept  in  a degree  of  heat  above  the  freezing  point  of  32;  fince 
freezing  them  deftroys  their  life ; whence  they  not  only  undergo  a 
fudden  change  in  their  flavour  and  nutritive  quality,  but  quickly  tend 
to  putrefaction  in  confequence  of  their  lofs  of  life  like  the  eggs  of 
animals.  Neverthelefs  both  vegetable  and  animal  products,  as  fruits 
and  flefh,  as  well  as  roots,  may  probably  long  exift  unchanged  in  a 
frozen  flate  in  ice-houfes  ; and  if  they  are  at  length  gradually  thawed 
by  covering  them  with  melting  ice,  or  immerflng  them  in  cold 
fpring  water,  it  is  faid  by  Mr.  Reaumure,  who  tried  the  experiment 
on  apples,  that  they  do  not  lofe  much  of  their  flavour,  if  they  be  af- 
terwards foon.  made  ufe  of ; otherwife,  I fuppofe,  as  the  froft  has  de- 
prived them  of  life,  they  foon  begin  to  undergo  chemical  changes. 

If  thefe  roots  are  kept  in  a degree  of  heat  above  48,  which  is  the 
heat  of  the  internal  parts  of  the  earth,  and  confequently  of  fpring 
water,  they  are  liable' to  germinate,  as  happens  to  onions  and  pota- 
toes in  our  ftore-houfes  during  the  vernal  months.  And  if  they  be 
expofed  to  a much  greater  heat,  fo  as  to  deflroy  the  life  of  the  root, 
they  foon  run  into  fermentation  or  put  refaction,  or  become  covered 
with  mould  ; unlefs  the  water  which  they  contain  be  quickly  difli- 
pated  by  evaporation.  A friend  of  mine  once  fent  many  Arikes  of 
potatoes  to  be  dried  on  a malt-kiln,  hoping  by  that  means  to  preferve 
them  during  the  fummer  ; but  as  the  life  of  thefe  roots  was  deftroy- 
ed  by  the  degree  of  heat,  and  only  about  half  of  their  water  evapo- 
rated, they  foon  became  fo  putrid  after  being  returned  into  his  flore- 
room,  that  the  flench  of  them  was  intolerable,  and  even  the  fwine 
refufed  to  eat  them.  Neverthelefs  I believe,  if  the  parts  either  of  ve- 
getables or  animals  could  be  kept  in  an  heat  at  or  above  the  boiling 
point  of  212  in  clofe  veflels,  fo  as  not  to  fuffer  their  fluid  part  to  eva- 
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porate,  that  neither  fermentation  nor  putrefadliou  would  enfue ; but 
that  they  might  be  kept  for  years  unchanged,  as  in  the  cold  of  32. 

The  degree  of  heat  required  for  preferving  roots  fecure  from  froft, 
and  from  the  procefs  of  germination,  which  is  that  between  the  de- 
grees of  32  and  48  of  Farenheit’s  thermometer,  may  be  well  manag- 
ed by  ftoring  them  beneath  the  foil  in  dry  fituations,  as  in  dry  cellars, 
or  in  pits  dug  for  that  purpofe,  or  even  in  barns  ; but  this  requires 
more  attention  than  is  ufually  employed  in  the  common  manner  of 
ftoring  potatoes,  which  are  liable  to  be  injured  both  by  froft  and  by 
germination.  Thefe  pits  in  a dry  foil  fhould  be  covered  with  mate- 
rials, which  condu£t  heat  ill,  and  alfo  with  fuch  as  might  abforb  any 
putrid  exhalations,  which  may  occur,  and  thus  check  the  progrefs  of 
putrefaction,  if  it  fhould  commence. 

Air  is  a bad  conductor  of  heat,  if  it  be  confined  over  the  furface  of 
any  body,  but  not  fo  if  it  be  perpetually  changed  ; as  it  then  carries 
away  heat  very  rapidly,  as  any  one  may  experience  by  being  fanned 
on  a hot  day.  Hence  all  fuch  materials  as  poffefs  large  pores  or  in- 
terflices  full  of  air,  are  bad  condu&ors  of  heat ; as  blankets,  faw- 
duft,  wood-fhavings,  or  ftraw  ; and  will  thence  preferve  the  bodies, 
they  cover,  both  from  external  cold  and  from  external  heat.  But  as 
charcoal  in  coarfe  powder  not  only  includes  much  common  air  in  its 
pores,  but  alfo  has  the  property,  efpecially  if  recently  burnt,  of  ab- 
forbing  putrid  exhalations  ; and  is  alfo  itfelf  of  an  unperifhable  na- 
ture ; it  feems  peculiarly  adapted  to  the  purpofes  above  mentioned. 
Hence  the  heaps  of  potatoes,  or  carrots,  or  parfnips,  or  ground  arti- 
chokes, or  even  the  roots  of  turnips  or  of  beets,  and  the  heads  of 
cabbages,  and  perhaps  pears,  and  apples,  as  well  as  nuts,  almonds, 
and  walnuts,  might  be  well  preferved  in  pits  or  cellars,  or  even  in 
barns,  if  they  were  fir  ft  covered  with  powdered  charcoal  an  inch, 
or  two  in  thicknels,  and  over  that  a covering  of  faw-duft,  and 
finally  over  thefe  a thick  impenetrable  thatch  of  ftraw  ; whence  a 
{lore  of  provender  for  the  winter  months  and  the  fucceeding  lpring 
6 may 
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may  be  preferved  from  any  degree  of  cold  or  of  warmth  much  above 
or  below  that  of  the  internal  parts  of  the  earth,  in  which  feeds  are 
known  to  continue  for  ages  even  without  germination  or  decay. 

It  is  neverthelefs  necelfary  to  dry  many  palmated  roots,  when  they 
are  taken  out  of  the  ground,  either  becaufe  they  will  not  continue  to 
live  in  our  barns  or  ftore-rooms,  like  the  bulbous  roots,  or  becaufe 
they  require  to  be  kept  for  fome  years  in  the  (hops  of  medicine.. 
Some  of  thefe  roots,  as  thofe  of  rhubaib,  are  faid  like  the  bulbous 
roots  of  fcilla  or  fquill  to  contain  five  fixtbs  of  their  weight  of  water,, 
and  therefore  require  confiderable  care  in  the  method  of  drying  them;, 
for  unlefs  they  are  prope.ly  dried,  they  are  liable  to  contradt  mould, 
or  mucor ; which  is  a vegetable  production,  which  will  grow  on  pu- 
trefying materials  without  light  or  much  air  ; but  might  be  prevent- 
ed from  growing  by  the  vapour  of  perhaps  a teafpoonful  of  fpirit  of 
wine,  as  mentioned  in  SedL  XV.  2.  3. 

There  is  neverthelefs  fome  precaution  necelfary  in  exhaling  the 
moifture  of  thefe  roots,  as  they  fhould  be  placed  in  a fituation,  where 
they  are  ventilated  as  well  as  heated  ; for  warmth  alone  is  liable  to 
forward  the  tendency  of  the  faccharine  and  mucilaginous  parts  of 
them  to  pals  into  fermentation  or  putrefadtion,  and  thence  to  deftroy 
them  ; as  the  alburnum  or  fap-wood  of  timber  trees  is  liable  to  de- 
cay by  what  is  termed  the  dry  rot. 

With  this  defign  drying  houfes  are  conftrudted  for  the  preparation 
of  madder,  rubia  tindloria,  as  defcribed  in  Miller’s  Dictionary  ; and 
the  rhubarb  of  the  fhops  has  frequently  large  holes  bored  through  it; 
which,  it  is  fuppofed,  were  defigned  to  pafs  cords  through  for  the 
purpofe  of  fufpending  it  to  dry,  as  it  is  conveyed  on  camels  in  a 
warm  climate. 

5.  The  cultivation  of  mulhrooms,  morels,  and  truffles,,  agaricus, 
phallus,  lycoperdon,  Ihould  be  here  mentioned  ; as  they  are  propa- 
gated by  their  roots.  The  fungi  feem  to  conltitute  an  ifthmus  be- 
tween the  two  great  continents  of  nature,  the.  vegetable  and- animal 

kingdoms... 


PRODUCTION  OF 


486 


Sect.  XVII.  2.  5. 


kingdoms.  The  odour  of  a fungus,  when  burning,  approaches  to  that 
of  burning  feathers ; and  all  of  them  putrefy  like  animal  flefh  ; fome 
of  them  as  the  phallus  impudicus,  ftink-horn,  emits  fuch  a putrid 
fcent,  as  it  grows,  as  to  attract  innumerable  flefh-flies  todepofit  their 
eggs  or  fpawn  in  it.  And  tbofe  mufhrooms,  which  are  cooked  at  our 
tables,  as  well  as  the  catchup,  made  by  preferving  their  juices  in  fait 
and  water,  poffefs  an  animal  flavour.  Of  this  laft  circumflance  I was 
told  a remarkable  inftance,  where  a cook-maid  in  a family  of  invalids, 
who  frequently  wanted  weak  broth,  perpetually  deceived  them  by  a 
mixture  of  a fmall  quantity  of  good  catchup  with  thin  gruel,  and 
with  only  the  addition  of  (bred  leaves  of  parfley,  and  a little  fait. 

Another  thing  in  which  the  fungufes  differ  from  vegetables,  con- 
fifts  in  their  growing  perfectly  well  without  light,  which  is  fo  ne- 
ceffary  to  the  health  of  vegetables.  The  fcarlet  folds  beneath  the 
head  of  the  common  efculent  mufhroom  are  fo  like  the  gills  of  fifh, 
that  they  have  in  our  language  obtained  the  fame  name.  Thefe 
folds  beneath  the  hat  of  the  agarics,  the  pores  beneath  the  boletus, 
and  the  thorny  appearance  beneath  the  hydnum,  and  the  net-like 
pores  of  phallus,  are  all  different  means  of  expofing  a larger  furface 
to  the  air ; and  therefore  undoubtedly  constitute  the  lungs  of  the 
fungufes,  as  leaves  conflitute  thofe  of  vegetables,  and  not  their  organs 
of  reproduction,  as  fome  have  fuppofed. 

The  chemical  analogy,  which  exifts  between  fome  of  the  mufh- 
room tribe  and  animal  matters,  led  Van  Humboldt  to  inveftigate 
their  conducting  power  of  what  he  terms  the  galvanic  fluid,  which  I 
believe  to  be  Amply  a minute  fhock  of  the  eleCtric  fluid ; and  he 
found,  that  morels  and  thofe  fungi,  which  in  a ftate  of  putrefaction 
emit  a cadaverous  animal  imell,  are  equally  good  conductors  as  real 
animal  fubftances.  Annals  of  Medicine  for  1798,  Edinb.  Van  Hum- 
boldt afferts  further,  that  by  chemical  analyfis  they  approach  like- 
wife  to  animal  fubftances,  as  they  contain  much  azote  and  phof- 
phorus.  He  alfo  afferts,  that  he  converted  morels  into  fat  by  means 
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of  fulphuric  acid  diluted  with  water,  which  experiment  he  thinks  is 
analogous  to  that  of  Gibbes,  and  of  the  burying  ground  of  the  Inno- 
cents, where  fat  was  formed  from  mufcular  flefh.  Journal  de  Phy- 
fique,  Vol.  IV.  p.  67. 

The  fungi  would  hence  appear  to  be  animals  without  locomotion, 
whofe  laCteal  vefl'els  are  inferted  into  the  earth,  like  thofe  of  vege- 
tables  ; but  whofe  gills  or  lungs  are  covered  from  the  light,  like 
thofe  of  animals,  but  expofed  to  the  open  air  like  the  leaves  or  lungs 
of  vegetables.  Another  curious  occurrence,  which  feems  to  affociate 
them  with  animals,  if  the  truth  can  be  depended  upon,  is  that  fome 
of  them  are  of  animal  origin ; as  the  common  mufhroom  is  faid  cer- 
tainly to  be  procured  from  horfe-dung,  as  mentioned  below  ; and 
may  therefore  have  its  embryon  or  early  Hate  in  the  inteftines  of  ani- 
mals, and  its  maturer  Hate  in  the  foil  or  atmofphere  like  other  in- 
feds,  as  the  bot-fly,  and  perhaps  the  tape-worm,  and  afcarides  ? as 
this  production  of  mufhrooms  is  otherwife  contrary  to  all  known  ana- 
logy. Other  fungi  are  found  on  the  decayed  parts  of  peculiar  vege- 
tables, from  which  they  feem  to  take  their  origin,  perhaps  like 
worms  in  the  inteftines  of  animals,  as  the  agaric  of  the  oak,  of  the 
beech,  of  the  elder  ; the  boletus  of  the  beech,  and  of  the  willow  ; 
and  many  others  mentioned  by  Linneus. 

The  lycoperdon  tuber,  or  truffle,  grows  under  ground  without 
light,  never  riling  into  day ; and  is  propagated,  I fuppofe,  by  only  a 
paternal  or  lateral  progeny,  like  the  polypus  of  our  ditches,  and  not 
by  fexual  connexion,  or  feminal  progeny.  The  truffle  is  hunted  by 
dogs  probably  from  its  pofle  fling  fomewhat  of  an  animal  fcent,  like 
the  perfpirable  effluvia  left  upon  the  ground,  by  which  they  hunt 
their  game  or  difcover  the  foot  of  their  mafter. 

The  phallus  efculentus,  morel,  and  the  agaricus,  mufhroom  of 
various  kinds,  will  grow  without  light  in  cellars,  or  on  beds  covered 
with  ftraw  ; and  are  alfo,  I fuppofe,  propagated  by  a paternal  or  la- 
teral progeny  only,  and  not  by  a fexual  or  feminal  one. 
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The  roots,  or  fpawn,  or  embryons,  of  the  common  mufhroom  are 
faid  by  Mr.  Kenedy  and  others  to  be  certainly  procured  from  horfe- 
dung  laid  unbroken  in  fmall  heaps  under  cover.  It  is  aflerted,  that 
in  a few  weeks  during  the  fummer  months  thefe  roots  will  appear 
like  white  threads;  which  on  breaking  the  lumps  have  the  mufh- 
room fmell,  Thefe  horfe-droppings  are  direded  to  be  as  little  broken 
as  pofiible,  and  to  be  laid  about  three  inches  thick  on  a hot  bed  of 
moderate  warmth,  conftruded  of  alternate  layers  of  tanner’s  bark 
and  horfe-dung,  and  whofe  uppermoft  ftratum  confiffs  of  tanner’s 
bark  about  two  inches  thick.  The  bed  is  then  to  be  covered  with  a 
little  manure,  and  about  three  inches  of  good  foil,  and  finally  with 
a thick  coat  of  ftraw.  The  fhed  behind  moft  hot-houfes  is  found 
to  afford  a convenient  place  for  a mufhroom  bed  ; as  no  light  is  re- 
quired, but  only  warmth,  and  occafional  moiffure.  See  Kenedy  on 
Gardening,  Vol.  II.  for  a particular  account  of  this  procefs. 

In  the  tanyards  of  Derby,  I am  well  informed,  that  a produdion  of 
mufhroom  fpawn  always  occurs  in  the  path,  where  the  horfe  walks, 
which  draws  the  rolling  ffone  to  grind  the  bark,  which  path  confifts 
of  powdered  oak- bark  and  horfe-dung  trampled  together.  Of  this  I 
was  in  one  inftance  an  eye-witnefs,  but  whether  the  embryons  of 
mufhrooms  were  derived  from  the  oak-bark  or  horfe-dung  was  not 
eafy  to  determine. 

Mr.  Ferber,  in  his  Travels  through  Italy,  tranflated  by  Rafpe, 
mentions  the  mufhroom-ftone.  He  fays  “ the  pietra  fungaia  is  a 
white  calcareous  ftaladite,  or  tuph-ftone,  dug  in  the  limeftone  hills 
bordering  on  Romagna,  and  endowed  with  the  quality  to  produce  in 
any  feafon  of  the  year  efculent  mufhrooms,  if  kept  in  a moift  cellar, 
and  now  and  then  fprinkled  with  water.  This  quality  is  owing  to  a 
great  many  roots,  or  vegetable  fibres,  together  with  the  mufhroom 
feeds  enclofed  in  its  fubftance.  They  are  ufed  in  fome  great  houfes  in 
Naples,  and  Rome.  I faw  an  indurated  mould  from  the  fame  place 
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that  had  the  fame  quality,  which  was  ufed  by  Mr.  Fabriani  in  the 
mint  of  Florence.” 

From  this  account  the  mufhroom-ftone  appears  to  confift  of  a 
porous  tupha,  like  that  with  which  the  houfes  are  built  at  Matlock 
Bath  ; and  which  has  been  depofited  from  the  water.  But  a later 
writer  has  fince  analyfed  one  of  thefe  ftones,  but  does  not  mention 
how  long  it  had  been  ufed  for  the  vegetation  of  muffirooms,  which 
might  in  great  meafure  affeft  the  refults  of  his  analyfis.  Mr.  Gadd, 
in  the  Stockholm  Tranfatftions,  fays,  that  this  pietra  fungaia  defcribed 
fir  ft  by  Ferber  confifts  of  forty-five  or  forty-fix  hundredth  parts  of 
filiceous  earth,  and  twenty  of  a calx  of  iron,  with  a little  magnefia 
and  vegetable  alkali.  Analytic.  Review,  Dec.  1798. 

In  this  country  the  cellars  would  not  be  fufficiently  warm  to  pro- 
duce muffirooms  at  any  feafon  of  the  year  ; but  as  this  muffiroom- 
ftone  is  of  calcareous  origin  according  to  Ferber,  it  (hews,  that  cal- 
careous earth  is  friendly  tb  the  growth  of  mufhrooms  ; and  a fimilar 
porous  (lone  from  the  vicinity  of  Matlock  Bath  might  probably  be 
permeated  in  a fimilar  manner  with  the  roots  of  them,  as  a conve- 
nient repofitory  of  them  to  be  raifed  into  life  occafionally  by  warmth 
and  moifture. 

Some  of  the  fungi  are  believed  to  polfefs  an  intoxicating  quality, 
and  are  eaten  for  that  purpofe  by  the  peafants  in  Siberia.  One  fungus 
of  the  fpecies  agaricus  mulcarum  eaten  raw,  or  a decodlion  of  three 
of  them,  produces  intoxication  for  twelve  or  fixteen  hours.  Hid.  of 
Ruffia,  Vol.  I.  Nichols,  1780.  The  Ofiiachs  alfo  blifter  the  (kin  by 
a fungus  found  on  birch-trees,  and  ufe  the  officinal  agaric  for  foap. 
Other  fungi  polfefs  a juice  fo  acrid  in  their  raw  (late  as  immediately 
to  blifter  the  tongue,  as  I once  experienced  on  tafting  a minute  drop 
of  the  juice  of  a large  muffiroom,  which  on  breaking  the  hat  poured 
out  a yellow  juice,  which  became  purple  or  blue  in  a few  feconds  of 
time  on  its  being  expofed  to  the  air;  which  I believed  to  be  the 
fungus  deliciofus  of  Linneus  ; the  acrimony  of  which  might  never- 
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thelefs  probably  be  destroyed  by  a boiling  heat.  And  it  is  alfo  probable, 
that  the  common  efculent  mulhroom  may  fometimes  difagree  from 
their  being  not  fufficiently  ftewed,  or  by  the  incautious  mixture  of 
fome  intoxicating  fungi  along  with  them. 

Otherwife  thofe  in  common  ufe  at  our  tables  appear  to  fupply  a 
wholefome  and  nutritive  food,  approaching  towards  an  animal  nature. 
Two  or  three  kinds  are  faid  to  be  eaten  in  France  befides  the  red- 
gilled  ones  which  are  eaten  here  ; and  it  is  probable  many  other 
kinds  of  fungi  might  be  found  agreeable  to  the  palate,  and  whole- 
fome food,  if  well  boiled,  which  might  deftroy  their  acrimony  ; and 
efpecially  thofe  which  when  broken  have  limply  the  agreeable  fmell 
of  the  red-gilled  ones  in  common  ufe  ; and  fome  of  thefe,  I fuppole, 
might  be  eaten  raw  without  injury,  as  many  people  eat  the  red  gilled 
ones. 

Befides  fome  mufhrooms  with  white  gills,  which  when  broken 
had  the  grateful  fcent  of  the  common  red-gilled  mufhroom,  and 
which  were  faid  to  be  more  delicious,  I have  known  the  peziza  au- 
ricula, or  ear-fungus,  which  was  formerly  an  article  of  the  materia 
medica  under  the  name  of  Jew’s  ear,  to  be  ftewed  and  eaten  in  con- 
fiderable  quantity  with  impunity  ; and  was  efteemed  an  agreeable  ar- 
ticle at  the  fupper-table.  And  as  this  was  efteemed  a pernicious  genus 
of  fungi  by  Clufins,  it  is  probable,  that  many  other  fungufes  might 
lofe  their  acrimony  by  the  heat  of  ftewing,  and  become  wholefome 
and  agreeable  food  ; which  are  at  prefent  in  difufe  from  their  dif- 
agreeable  acrimony  in  their  raw  ftate,  or  from  the  bad  character  they 
have  accidentally  acquired. 

It  fhould  be  added,  that  though  thofe  plants,  which  are  fuppofed 
to  poffefs  an  alkalefcent  property,  and  to  be  liable  to  putrefadlion 
fooner  than  other  vegetables,  lofe  a part  of  their  acrimony  by  a boil- 
ing heat,  as  water-crelfes,  cabbages,  onions  ; yet  that  plants,  whofe 
acrimony  is  of  a different  kind,  as  ginger,  capficum,  arum,  do  not 
become  much  milder  by  boiling.  I this  morning  diredled  fome  leaves 
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of  common  fpotted  arum,  and  of  arum  ariffarum  to  be  boiled,  and  on 
tailing  them  found  my  tongue  and  lips  almoft  excoriated.  The  na- 
ture of  this  kind  of  acrimony  has  not  been  fufficiently  inveftigated 
by  the  chemifts,  but  probably  depends  on  a fixed  effential  oil. 

in.  Barks. 

1.  The  barks  of  the  trunks  of  trees  are  fimilar  to  thofe  of  their 
roots,  and  may  be  efteemed  a part  of  them,  as  they  confift  of  an  in- 
tertexture of  the  veffels,  which  defcend  from  the  plume  of  each  in- 
dividual bud  to  the  radicle  of  it,  and  conftitute  its  caudex.  The 
bark  neverthelefs  of  the  root  is  furnifhed  with  lymphatics  to  abforb 
water  and  nutritious  juices  from  the  earth,  and  is  covered  with  a 
moifter  cuticle  j while  the  bark  of  the  Rem  is  furnifhed  with  lym- 
phatics to  abforb  moifture  from  the  air,  and  is  covered  with  a drier 
cuticle  ; the  latter  refembling  the  external  fkin  of  animals,  and  the 
lymphatics,  which  open  upon  it ; and  the  former  refembling  the 
mucous  membrane  of  the  ftomach,  and  its  ladteals. 

As  the  fap -juice  rifes  in  all  deciduous  trees  during  the  vernal 
months  to  expand  their  foliage,  though  probably  in  greater  quantity 
in  fome  trees  than  in  others,  it  muft  confift  not  only  of  fugar  and 
mucilage,  as  in  the  maple  and  birch,  but  of  various  other  ingredi- 
ents in  different  trees,  which  have  not  been  attended  to ; as  appears 
from  the  tafte  of  their  young  leaves,  as  of  oak  or  afh.  And  as  fome 
of  thefe  materials  refide  in  the  roots  and  fap-wood  or  alburnum,  fo 
others  of  them  may  perhaps  refide  in  the  bark,  where  they  have  been 
depofited  during  the  preceding  fummer,-and  become  lignified  by  the 
warmth  of  the  fpring,  or  diffolved  by  the  moifture  abforbed  from 
the  earth  and  air,  and  conveyed  upwards  to  the  opening  buds ; 
whence  it  is  evident,  that  the  barks  of  trees  fhould  be  taken  off  for 
ufe  in  winter  or  in  early  fpring,  before  their  buds  begin  to  expand  ; 
as  then  a part  of  thefe  nutritious  juices,  or  of  the  other  materials, 
.which  are  required  for  medicines,  or  in  the  arts  of  dying  and  tan- 
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ning,  are  in  part  expended  on  the  young  leaves ; which  generally 
poffefs  the  taile  and  qualities  of  the  bark,  though  in  a lefs  degree. 

Jt  may  neverthelefs  be  obferved,  that  all  thefe  aftringent,  or  other 
materials,  may  refide  in  the  alburnum  of  the  trunk  or  roots  of  all 
perennial  vegetables,  as  well  as  in  their  barks;  becaufe  the  young 
leaves,  which  pullulate  on  decorticated  oaks,  have  the  fame  bitter 
flavour  as  the  leaves  on  thoie,  which  have  not  been  decorticated  ; 
which  may  in  part  be  derived  from  the  bark  of  the  root,  which  is  ftill 
in  the  ground,  and  be  carried  up  the  veffels  of  the  Tap-wood  to  the 
new  buds. 

2.  Hence  the  bark  of  oak-trees  fhould  be  taken  off  during  the 
winter;  but  when  the  fap-juice  refiding  or  afcending  in  the  veffels 
of  the  alburnum  becomes  more  liquefied  by  the  warmth  of  the  fpring, 
©r  is  mixed  with  more  moifture,  and  pufhed  up  with  great  force  by 
the  abforbent  veffels  of  the  roots,  it  oozes  out  in  fome  degree  be- 
tween the  alburnum  and  the  bark  ; and  thus  the  bark  becomes  fo  much 
more  readily  feparated  from  the  fap-wood  ; whence  this  bufinefs  is 
generally  done  early  in  the  fpring,  and  fhould  be  performed  as  foon 
as  this  facility  of  detrading  the  bark  appears,  as  mentioned  in  Sed* 
111.  5 ; becaufe  this  procefs  of  the  germination  of  the  buds  continues 
to  injure  the  bark,  whether  the  tree  be  cut  down  or  not  ; as  the  buds 
expand  their  foliage  on  new  felled  trees,  as  they  lie  on  the  ground. 

3.  The  interior  barks  of  fome  trees,  like  the  alburnum  or  roots 
above  defcribed,  contain  much  mucilaginous  or  nutritious  matter  ; as 
the  bark  of  elm,  ulmus,  and  of  holly,  ilex  ; and  probably  of  all  thofe 
trees  or  fhrubs  which  are  armed  with  thorns  or  prickles,  which  are 
defigned  to  prevent  the  depredations  of  animals  on  them,  as  the  haw- 
thorn, goofeberry,  and  gorfe,  cretaegus,  ribes  groffula'ria,  ulex.  The 
internal  barks  of  thefe  vegetables  may  be  conceived  to  be  their  albur- 
num lefs  indurated,  and  might  probably  all  be  uied  as  food  for  our- 
felves  or  other  animals  in  years  of  fcarcity,  or  for  the  purpofe  of 
fermentation  ; as  I doubt  not  but  the  inner  bark  of  elm-trees,  ul- 
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mus,  defrayed  in  the  fpring  by  being  boiled  in  water  might  be  con- 
verted by  the  addition  of  yeft  into  fmall  beer,  as  well  as  the  albur- 
num of  the  maple  and  birch,  acer  et  betula ; all  which  are  now  buf- 
fered to  be  eaten  by  infects  when  thofe  trees  are  felled. 

For  the  fugar,  which  is  extraded  from  the  vernal  fap-juice  of  the 
maple  and  birch,  as  well  as  that  found  in  the  manna-afh,  fraxinus 
ornus,  feems  to  refide  during  the  winter  months  in  the  root  or  albur- 
num, rather  than  in  the  bark  properly  fo  called  ; and  to  become  li- 
quefied, as  above  mentioned,  by  the  warmth  of  the  fpring,  or  diffolved 
by  the  tnoifture  abforbed  from  the  earth,  and  conveyed  to  the  open- 
ing buds;  but  refides  folely  in  the  roots  of  perennial  herbaceous 
plants  ; and  in  the  economy  of  grades,  and  I fuppofe  of  the  fugar- 
cane,  it  is  depofited  at  the  bottom  of  each  joint,  which  is  properly 
the  root  of  the  ftem  above  it,,  as  (hewn  in  Sed.  IX.  3.  1. 

Of  thefe  the  bark  of  the  holly  not  only  yields  a nutritious  muci- 
lage, and  thus  fupplies  much  provender  to  the  deer  and  cattle  in 
Needwood-forcft  by  the  branches  being  cut  off,  and  ftrewed  upon 
the  ground,  in  fevere  feafons  of  froft  and  fnow  ; but  contains  a re- 
f noius  material,  which  is  obtained  by  boiling  the  bark,  and  wafhing 
away  the  other  parts  of  it.  This  refinous  material  pofieftes  a great 
adhefivenefs  to  feathers  and  other  dry  porous  bodies,  and  has  hence 
obtained  the  name  of  bird-lime,  and  much  refembles  the  caoutchouc 
or  elaftic  refin  brought  from  South  America,  and  alfo  relembles  a 
foffil  elaftic  bitumen  found  near  Matlock  in  Derbyftiire,  both  in  its 
elafticity  and  inflammability.  Hollies  may  be  worth  cultivating  for 
this  material  befides  the  ufes  of  their  wood,  as  I was  informed,  that 
thirty  years  ago  a perfon,  who  purchafed  a wood  in  Yorkfhire,  fold  to 
a Dutch  merchant  the  bird-lime  prepared  from  the  bark  of  the  numer- 
ous hollies  for  nearly  the  whole  fum  given  for  the  wood ; which  if  it 
could  be  hardened  might  probably  be  fold  for  the  elaftic  refin  above 
mentioned.  Whether  this  relembles  the  nutritive  refinous  material 
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found  in  wheat  flour,  when  the  mucilage  and  ftarch  are  wafhed  from 
it,  might  be  worth  inquiry,  as  mentioned  in  Sedt.  VI.  8.  5. 

4.  Other  barks  contain  bitter,  refinous,  aromatic,  or  acrid  materials, 
which  fupply  the  (hops  of  medicine,  as  peruvian  bark,  cafcarilla, 
cinnamon, and  were  defigned  by  nature  to  protedt  thofe  vegetables  from 
the  depredations  of  quadrupeds  or  infedts.  Hence  many  trees,  and 
even  the  wood  of  them,  after  it  is  dried,  and  made  into  domeftic  fur- 
niture, is  never  devoured  by  worms,  as  the  mahogany,  cedar,  cy- 
prefs  ; and  hence  many  plants,  as  the  foxglove,  digitalis,  hounds- 
tongue,  cynogloflum,  henbane,  hyofciamus,  and  many  trees,  are  not 
devoured  by  any  animals  ; as  their  juices  would  be  poifonous  to 
them,  or  much  difagree  with  their  ftomachs,  if  their  difguflful  fla- 
vours to  the  nofe  or  palate  did  not  prevent  their  eating  them.  The 
fame  defence  of  the  vegetable  kingdom  from  human  digeftion,  except 
thofe  which  have  in  long  procefs  of  time  been  feledted  and  cultivat- 
ed, appears  from  the  relation  of  fome  unfortunate  fhipwrecked  tra- 
vellers, who  have  pafled  fome  hundred  of  miles  along  uninhabited 
countries  almoft  without  finding  an  efculent  vegetable  production. 

5.  Other  barks  contain  reftringent  or  colouring  particles,  employed 
in  the  arts  of  dying  and  tanning,  as  berberry,  oak,  and  afh,  berber- 
ries, quercus,  fraxinus.  The  art  of  tanning  confifts  in  filling  the 
pores  of  the  animal  mucous  membrane  with  thefe  reftringent  par- 
ticles found  in  fome  vegetables,  which  are  believed  to  poffefs  a qua- 
lity of  fhortening  animal  fibres.  Thus  when  a long  hair  is  immerf- 
ed  fome  time  in  a folution  of  the  bark  of  oak,  or  of  the  galls  pro- 
duced on  its  leaves  by  the  pundtures  of  infedts,  the  hair  is  laid  to  be 
fhortened.  Whether  this  procefs  be  occafioned  by  chemical  coagu- 
lation of  the  mucus,  of  which  thefe  fibres  totally  or  in  part  confift, 
or  by  capillary  attraction  tending  to  diftend  thefe  fibres  in  breadth, 
and  thus  to  fhorten  them,  as  a twilled  firing  is  fhortened  by  moif- 
lure,  has  not  yet  been  well  invelligatcd.  By  thus  impregnating  the 
pores  of  animal  fkins  with  vegetable  particles,  they  become  lefs 
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liable  to  putrefaction,  as  confuting  of  a mixture  of  animal  and  vege- 
table matter,  as  well  as  much  better  adapted  to  many  domeftic  or  me- 
chanical purpofes. 

The  art  of  dying  confifls  likewife  in  impregnating  the  pores  of 
dry  fubftances  with  a folution  of  the  colouring  matter  extracted  from 
vegetables  by  the  capillary  attraction  of  thofe  pores  to  the  coloured 
folution.  And  fecondly,  by  a chemical  change  of  thofe  colouring 
particles  after  they  have  been  imbibed,  and  the  water  of  the  folution 
exhaled,  by  again  fteeping  them  in  another  folution,  which  may 
chemically  affeCt  the  former.  Thus  as  green  confifts  of  a mixture  of 
blue  and  yellow,  it  may  be  beft  produced  by  boiling  the  material  de- 
figned  to  be  dyed  firft  in  a decoCtion  of  one  of  thefe  colours,  as  of  in- 
digo ; and  then  in  that  of  another,  as  of  the  bark  of  berberry.  And 
as  a folution  of  iron  becomes  black  when  mixed  with  a decoCtion  of 
oak-galls,  by  being  in  part  precipitated  ; it  is  probable,  that  the  par- 
ticles of  this  combination  of  r folution  of  iron  with  reftringent  matter 
may  be  larger  than  either  of  thofe  particles  feparately  ; and  there- 
fore that,  if  a dry  porous  fubftance  ^e  immerfed  firft  in  a decoCtion 
of  oak-galls,  and  after  being  buffered  to  dry,  is  then  immerfed  in  a 
folution  of  iron,  the  black  tinge  will  penetrate  into  minuter  pores, 
and  thus  become  more  intenfe,  than  if  the  fubftance  had  been  im- 
merfed in  the  black  dye  already  prepared. 

6.  Other  barks  are  ufed  for  apparel,  paper,  cordage,  and  for 
many  mechanical  purpofes,  owing  to  the  ftrength  and  tenacity  of 
their  fibres,  or  to  the  finenefs  of  them  ; as  hemp,  cannabis;  flax, 
linum ; for  the  purpoles  of  fpinning  and  weaving  ; an  art  invented  by 
Ifis,  queen  of  Egypt,  who  feems  firft  to  have  cultivated  flax  ; which 
was  brought  into  Europe  from  the  banks  of  the  Nile.  The  bark  or 
leaves  of  the  papyrus,  a flag  of  the  Nile,  was  firft  ufed  for  paper  ; and 
the  bark  of  the  mulberry-tree  is  ftill  made  into  cloth  at  Otaheite  and 
other  fouthern  iflands. 

The  art  of  feparating  the  fibres  of  the  bark  of  plants,  as  they  con-* 
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lift  of  the  caudexes  of  buds,  or  the  connecting  veflels  between  the 
plumules  and  the  radicles  of  them,  is  performed  by  foaking  them  fome 
weeks  in  lfagnant  water;  till  the  mucous  membranes,  which  con- 
nect thefe  fibres,  are  deftroyed  by  putrefaction  ; and  afterwards  by 
drying  them,  and  beating  off  with  hammers,  what  may  ftill  adhere. 

Thefe  fibrous  parts  of  the  barks  of  trees,  as  they  contain  no  fac- 
charine  matter,  like  the  alburnum,  are  much  lefs  liable  to  decay  than 
the  fap-wood,  or  perhaps  than  any  part  of  the  timber.  Mauper- 
tuis,  who  went  to  Lapland  to  meafure  a degree  of  the  meridian,  fays, 
that  among  the  numerous  trees  which  lay  upon  the  ground  deftroy- 
ed  by  age,  or  blown  down  by  the  winds,  many  birch  trees  appeared 
whole,  owing  to  the  undecayed  Rate  of  their  bark  ; but  crumbled 
into  powder  on  being  trod  upon;  and  that  the  Swedes  took  the  prac- 
tice from  this  of  covering  their  houfes  with  this  unpenfhable  bark, 
on  which  they  fometimes  lay  foil,  and  thus  poflefs  aerial  gardens. 
Voyages  by  Mavor,  Vol.  XII. 

7.  To  increafe  the  quantity  of  bark  it  mud  be  remembered,  that 
the  leaf-buds,  or  viviparous  offspring  of  trees,  as  they  form  new  buds, 
acquire  new  caudexes  extending  down  into  the  ground,  and  thus  in- 
creafe the  bark  of  the  Idem  in  thicknefs  ; but  the  flower  buds  acquire 
no  new  caudexes,  but  die,  as  foon  as  they  have  ripened  their  feed, 
and  confequently  do  not  increafe  the  thicknefs  of  the  bark.  Whence 
one  method  of  increafing  the  quantity  of  the  bark  is  to  increafe  the 
number  or  vigour  of  the  leaf-buds  in  contradidinClion  to  the  flower- 
buds,  which  may  be  done  by  pinching  off  the  flowers  as  foon  as  they 
appear;  and  as  the  bark  becomes  gradually  changed  into  wood,  this 
may  be  one  method  alfo  of  forwarding  the  growth  of  timber  trees,  as 
mentioned  in  the  next  Section. 

8.  The  method  of  preferving  the  bark  of  trees  from  mofs  confifls 
in  rubbing  off  that  parafite  vegetable  in  wet  weather  by  means  of  a 
hardifh  brufh  ; which  is  faid  to  be  ufed  with  advantage  on  the  apple- 
trees  in  the  cyder  countries;  and  may  at  the  fame  time  give  motion 

to 


•* 


ROOTS  AND  BARKS. 


497 


Sect.  XVII.  9.  9. 

to  the  vegetable  circulation,  or  forward  the  afcent  of  their  juices  ab- 
forbed  by  the  radical  or  cortical  abforbents.  In  dry  weather  the  brufh 
Ihould  be  frequently  dipped  in  water.  Wafhing  the  barks  of  wall- 
trees  by  a water-engine  may  alfo  facilitate  the  protrufion  of  their 
buds  in  dry  feafons  ; and  might  pofiibly  prevent  the  canker,  if  appli- 
ed to  dwarf  or  afpallier  apple  trees.  Other  parafite  vegetables  muff 
•be  occafionally  deftroyed,  where  they  occur,  as  the  lichens,  fungi, 
mifletoes ; with  the  ivies  and  other  climbers,  as  fome  kinds  of  lo- 
nicera,  clematis,  and  fumaria,  woodbine,  virgin’s  bower,  and  fumi- 
tory. 

9.  When  a wound  is  made  in  the  bark  fo  as  to  expofe  the  albur- 
num to  the  air,  the  upper  lip  of  the  wound  is  liable  to  grow  fatter 
downwards,  than  the  lower  one  is  to  grow  upwards,  owing  to  the 
former  being  fupplied  directly  with  nutritive  juices  fecreted  from  the 
vegetable  blood,  after  its  ventilation,  and  confequent  oxygenation  in 
the  leaves;  whereas  the  lower  lip  only  receives  thofe  juices  laterally 
by  inofculation  of  veflels.  Over  thefe  wounds  the  cuticle  is  liable  to 
projedt,  and  to  fupply  a convenient  hiding  place  for  infedis,  which 
either  eat  the  new  fibres  of  the  growing  bark,  and  perforate  the  al- 
burnum; or  by  their  moifture,  their  warmth,  and  their  excrements, 
contribute  to  the  decay  of  the  alburnum,  and  prevent  the  healing  of 
the  wound.  Thefe  dead  edges  of  the  projedting  bark  or  cuticle 
fhould  be  nicely  cut  off,  but  not  fo  as  to  wound  the  living  bark. 

Platters  of  lime,  or  of  tar  with  fublimate  of  mercury,  have  been 
recommended  to  preferve  the  wounded  parts  from  the  air,  and  from 
moifture,  and  from  infedis ; but  as  all  thefe  materials  are  injurious 
to  the  fibres  of  the  living  bark,  they  ftiould  be  ufed  with  caution,  fo 
as  not  to  touch  the  edges  of  the  wound,  but  only  to  cover  the  al- 
burnum ; for  this  purpofe  white  lead  and  boiled  oil,  mixed  into  a 
thick  paint,  or  with  the  addition  of  fublimate  of  mercury,  or  of  ar- 
fenic,  or  of  fpirit  of  turpentine,  may  probably  anfwer  the  purpofe  ; 
and  may  be  of  real  utility  on  the  wounds  of  thofe  trees,  whofe  wood 
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contains  lefs  acrimony,  and  is  therefore  more  liable  to  be  bored  into 

and  eaten  by  a large  worm  or  maggot  almoft  as  thick  as  a goofe- 
quill  : which  I have  feen  happen  to  a pear-tree,  fo  as  to  qonfume  the 
whole  internal  wood,  till  the  tree  was  blown  down. 

In  refpedl  to  the  caution  neceffary  to  be  obferved  in  not  touching 
the  living  edges  of  the  wounded  bark  with  fuch  materials  as  may  in- 
jure the  tree  by  their  abforption,  I remember  feeing  feveral  young 
elm  trees,  which  died  by  their  boles  having  been  covered,  as  I was 
informed,  by  quick-lime  mixed  with  cow  dung  to  prevent  their  be- 
ing injured  by  horfes ; and  I have  feen  branches  of  peach  and  nec- 
tarine trees  deftroyed  by  fprinkling  them,  when  in  leaf,  with  a flight 
folution  of  arfenic,  and  others  with  fpirit  of  turpentine. 

10.  A more  curious  method  of  cure  is  faid  to  have  fucceeded, 
where  the  bark  of  a tree  has  recently  been  torn  off  even  to  great 
extent,  and  that  is  by  binding  the  fame  piece  of  bark  on  again,  or 
another  piece  from  the  fame  tree,  or  from  one  of  a fimilar  nature, 
nicely  adapting  the  edges  of  the  bark  to  be  applied  to  the  edges  of 
. that,  which  furrounds  the  wound  of  the  tree,  which  it  is  faid  will 
coalefce  in  the  fame  manner,  as  the  velfels  of  the  bark  of  an  ingraft-* 
ed  fcion  unite  with  thofe  of  the  bark  of  the  flock  ingrafted  on  ; 
which  is  ftri&ly  analogous  to  the  union  of  inflamed  or  wounded  parts 
of  animal  bodies,  as  in  the  cure  of  the  hare-lip,  or  the  infertion  of 
the  living  tooth  from  one  perfon  into  the  jaw  of  another,  or  the  fac- 
titious nofes  of  Talicotius. 

If  the  bark  over  the  cankered  parts  of  apple-trees  could  be  thus  re- 
newed by  paring  the  edges  of  the  mortified  bark  to  the  quick,  and 
then  nicely  applying  a piece  of  healthy  bark  from  an  apple-tree  of  in- 
ferior value,  and  fecuring  it  with  an  elaftic  bandage,  as  a flared  of 
flannel,  it  would  be  a very  valuable  difcovery. 

Another  method,  where  a branch  of  a valuable  tree  is  in  the  pro- 
grefs  of  being  deftroyed  by  canker,  might  be  by  inclofing  the  can- 
kered part,  and  fome  inches  above  it,  in  a garden-pot  of  earth  pre- 
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vioufly  divided,  and  fupported  by  flakes,  and  tied  together  round  the 
branch ; which  might  then  flrike  roots  in  the  earth  of  the  garden- 
pot,  and  after  fome  months  might  be  cut  off,  and  planted  on  the 
ground,  and  might  thus  be  preferved,  and  produce  a new  tree ; 
which  experiment  I have  this  fummer  tried  on  two  apple-trees,  and 
believe  it  will  fucceed. 
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S E C T.  XVIIL. 

PRODUCTION  OP  LEAVES  AND  WOOD, 

I.  i.  Leaves  are  the  lungs  of  Vegetables.  Grajfes  propagated  by  their  roots.  Some' 
are  viviparous.  Joints  of  grajfes  are  Jucceffive  vegetables.  And  their  roots.  Ex- 
tract roots  of  twitch -grafs  by  a fcarifier  with  inclined  teeth.  Produce  root-leaves 
for  grazing , and  Jlem-leaves  for  hay.  Eat  down  the  firfi  fern.  Cut  grafs  young 
for  hay.  Why  young  hay  is  liable  to  take  fire.  How  to  prevent  it  by  fir  aw.  Eat 
low  meadows  late.  Sow  rye-grafs , trefoil , white  clover , for  fuccejfive  herbage. 
Other  grafs  feeds.  Roll  them  in  fpring.  Effects  of froft . UJe  more  water  as  in 

rice  grounds.  Sow  thick.  Heavy  cattle  fhould  be  fiall-fed.  How  to  defiroy  tuf- 
focks.  How  to  make  hay.  n.  Some  root-leaves  eaten  raw.  Others  previoufiy 
boiled.  Upper  part  of  feme  roots  and  offome  ftems  efculent.  Afparagus.  Art  of 
cultivation  of  root-leaves  and  Jlem-leaves.  Of  mulberry-leaves.  3.  Etiolation  of 
leaves  lejfens  their  acrimony.  Etiolated  flowers.  Etiolated  ladies.  4.  Aromatic 
and  bitterijh  leaves  ufed  as  tea,  as  of  fage..  When  to  be  gathered.  Tea  recom- 
mended. 5.  Leaves  ufed  in  medicine.  Bog-bean  infiead  of  hops.  Others  for 
tanning , as  oak,  aflo,  and  alder  leaves.  Others  for  dying,  as  indigo  and  wo  ad. 
6.  Leaves  will  ferment  and  may  make  a kind  of  beer.  II.  1.  Wood  is  produced 
from  leaf-buds.  To  increafe  wood  moifien  the  trees.  Scratch  the  bark.  How  to 
ftraighten  crooked  trees.  Pinch  off  the  flowers.  1.  To  render  timber  trees  tall  with- 
out knots,  or  crocked  for  Jhip-timber.  Willows.  Oziers.  Sugar-maple.  Scotch 
firs.  3.  Preferve  wood  from  lightning,  and  from  wood-peckers.  4.  Woods  differ 
in  colour.  Ufed  in  dying.  Differ  in  medical  and  chemical  properties.  5.  Oak 
corrodes  lead.  Sap-wood  rots  under  lead.  How  prevented.  Whence  the  myf- 
t cries  of  Free  Mafonry.  6.  Woods  differ  in  their  hardnefs  and fmoothnefs.  Blocks 
for  printing.  7.  In  their  durability  as  cyprefs.  Alder  for  piles.  8.  In  lateral 
cohefion.  Hygrometer.  Pendulum.  9.  In  fpecific  gravity.  Rafts  of  hollow 

trunks,  10.  In  elafticity.  Bows.  1 1 . How  to  tranfplant  large  trees.  How 
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to  prop  them . i 1.  Time  of  felling  timber  after  barking  it.  The  concentric  rings 

of  timber.  13.  Pith  is  brain.  Poes  not  communicate  from  bud  to  bud.  Sa- 
goe  from  artichoke.  From  elder . 1 4.  Boundary  to  the  growth  of  trees . Not 
to  coralline  rocks. 


I.  Of  Leaves, 

1.  The  buds  of  plants  have  already  been  fhewn  to  be  individual 
vegetable  beings,  and  the  leaves  to  conftitute  the  lungs  of  each  in- 
dividual  bud.  And  laflly,  that  the  new  bud  in  the  bofom  of  each 
leaf  is  the  offspring  from  the  caudex  of  that  old  bud,  of  which  the- 
leaf  conftitutes  the  lungs. 

The  leaves  of  graffes  are  of  great  confequence,  as  they  nourifh 
many  of  our  domeftic  quadrupeds j the  cultivation  of  graffes  has 
therefore  been  much  attended  to.  Many  of  thefe  propagate  them- 
felves  more  by  their  roots  than  by  their  feed  ; efpecially  where  their 
ffems  are  perpetually  deftroyed  by  the  grazing  of  cattle,  fheep,  or 
geefe  ; and  fome  of  them  are  faid  to  be  viviparous,  as  the  fefluca 
dumetorum,  or  fefcue  grafs  ; that  is,  that  they  bear  bulbs  on  their 
Items  after  flowering  inftead  of  feeds-,  which  in  time  drop  off,  and 
{trike  root  into  the  ground,  like  the  polygonum  viviparum,  and  the 
allium  magic um which  circumftance  is  faid  to  obtain  in  many  al- 
pine graffes,  whofe  feeds  are  annually  devoured  by  fmall  birds. 

The  ffems  of  the  graffes  conhft  in  general  of  joint  above  joint 
without  lateral  branches  ; each  joint  of  which  feerns  to  be  a fuccef- 
five  plant  growing  on  the  preceding  one,  and  generated  in  the  bofom 
of  the  leaf,  which  furrounds  it ; the  Item  may  therefore  be  efteemed 
a fucceflion  of  leaf-buds,  till  at  length  a flower-bud  is  produced  on 
the  fummit,  as  fhewn  in  Sect.  IX.  3.  1.  In  fome  graffes,  as  the 
agroflis  canina,  or  triticum  repens,,  dog’s-grafs,  twitch-grafs,  or 
couch-grafs,  the  root  confifts  of  joints  as  well  as  the  Item  ; which 
may  be  confidered  as  feparate  individual  plants,  like  the  bulbs  of  po^ 
taioes,  as  every  joint  of  thefe  roots  will  grow  into  a new  plant  to  the 
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great' annoyance  of  the  agricultor,  which,  when  the  ground  is  not 
hard,  may  be  befl,  I believe,  drawn  out  by  a deep  harrow,  or  by 
Mr.  Cook’s  fcarifier ; as  a plough  turns  them  over  under  the  foil,  as 
it  breaks  them,  and  thus  much  increafes  their  number  by  in  a man- 
ner tranfplanting  them.  The  teeth  of  the  harrow,  or  fcarifier,  fhould 
be  inclined  forwards  towards  the  horfe  for  the  purpofe  of  lifting  up 
the  roots,  and  that  it  may  not  too  eafily  rife  out  of  the  foil  ; and  it 
fhould  be  fixed  by  wedges  or  fcrew-nuts  to  the  wooden  frame  for  the 
purpofe  of  occafionally  lengthening  them  to  adapt  them  to  different 
foils,  as  the  roots  pierce  deeper  into  lefs  tenacious  foils  than  into  clayey 
ones. 

Hence  it  appears,  that  a plant  of  grafs  confifls  not  only  of  a tuft 
of  leaves  furrounding  the  root,  but  that  the  three  or  four  lower  joints 
of  the  flem,  as  of  a wheat-flraw,  are  fo  many  fucceffive  leaf-buds, 
which  are  generated  by  the  caudex  of  the  leaf,  which  furrounds  each 
joint,  and  precede  the  flower-bud  at  the  fummit ; and  that  hence 
with  the  defign  of  producing  much  herbage  for  cattle,  the  propagation 
of  new  leaves  from  the  root  is  principally  to  be  attended  to ; but  with 
the  defign  of  producing  hay,  or  winter  fodder,  the  leaf-buds  of  the 
flem  are  principally  to  be  attended  to. 

For  the  former  of  thefe  purpofes  the  flem  of  grafs  fhould  be  eaten 
down  as  foon  as  it  rifes  ; whence  more  grafs  leaves  will  arife  from 
the  root;  as  is  well  known  to  thofe  who  eat  down  the  firft  flem  of 
wheat,  when  it  is  too  luxuriant.  For  the  fecond  purpofe  the  leaf- 
buds,  which  conflitute  the  Items  of  grafs,  fhould  be  cut  down,  be- 
fore the  flower-flem  at  the  fummit  has  begun  to  ripen  its  feeds  ; as 
at  that  time  the  fweet  juice  lodged  in'the  joint  below  the  flower-flem 
becomes  expended  on  the  feed  ; and  the  flem  becomes  converted  into 
ftraw  rather  than  into  hay. 

From  hence  it  is  readily  underflood,  why  thofe  paflures,  which  are 
perpetually  grazed,  are  fo  much  thicker  or  clofer  crowded  with  grafs 
roots  than  thofe,  which  are  annually  mowed ; and  why  grafs  cut 
i young 
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young  makes  fo  much  Tweeter  and  more  nutritive  hay  than  that, 
which  has  ripened  and  died  its  feed.  And  ladly,  why  the  hay  from 
grafs  cut  young  is  fo  much  more  liable  to  take  fire,  if  ricked  too 
moid ; becaufe  the  greater  quantity  of  fugar  in  the  joints  of  the  fiems 
produces  fo  violent  a fermentation,  when  it  has  fufficient  water  to 
diffolve  it,  that  it  generates  fo  much  heat  as  to  burft  into  flame. 
This  might  bed:  be  prevented,  where  chopped  draw  is  defigned  to  be 
given  to  horfes  along  with  their  hay,  by  laying  alternately  in  the  hay- 
ftack  a ftratum  of  new  hay  and  a flratum  of  ftraw,  or  of  clover  and 
draw  ; whence  the  rapid  fermentation,  which  occafions  combudion, 
may  be  prevented,  and  the  draw  may  be  rendered  eafier  of  digedion 
by  being  impregnated  with  the  fermentative  infection,  or  yed,  of  the 
fermenting  hay. 

The  art  of  increafing  the  quantity  of  leaves  round  the  roots  of 
grades  confids  in  eating  off  the  central  dems  by  flaeep,  or  horfes,  or 
cattle,  early  in  the  fealon,  as  above  mentioned  ; whence  new  ones 
are  produced  around  the  fird  joint  of  the  dem  thus  bitten  off,  and 
from  the  aidant  horizontal  root- wires  of  fuch  grades,  as  produce 
them.  In  low  meadows  it  is  hence  doubly  profitable  to  eat  down  the 
early  grals  till  about  the  middle  of  May,  as  in  moid  fituations  there 
is  no  danger  but  a crop  of  hay  will  fucceed;  which  by  this  me- 
thod will  be  finer  and  more  copious;  and  at  the  fame  time  Tome 
weeks  provender  of  hay  will  have  been  faved  by  the  ufe  of  the  early 
grafs. 

On  land  intended  for  pafrure,  as  for  Iheep,  many  people  advife  to 
fow  three  kinds  of  vegetables,  which  may  in  fome  meafure  fucceed 
each  other  in  their  growth.  Mr.  Parkinfon  fows  four  bufnels  of  the 
feed  of  rye-grafs,  lolium  perenne,  ten  pounds  of  trefoil  feed,  trifo- 
lium pratetife,  and  ten  of  white  clover,  trifolium  repens,  on  every 
acre;  and  adds,  that- the  rye-grafs  Ihould  be  eaten  early,  while  the 
white  clover  is  dill  concealed  in  the  ground,  and  the  trefoil  makes 
only  fome  fmall  appearance.  That  when  the  rye-grafs  ig  eaten  down 
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the  trefoil  fprings  lip,  and  becomes  food  for  the  fheep  ; after  which 
the  white  clover  lucceeds ; and  after  this  is  coniumed,  the  rye-grafs 
again  fprings  up,  and  fupplies  food  during  the  winter  months,  if  the 
weather  proves  tolerably  mild  ; and  he  further  afferts,  that  a third 
more  of  fheep  at  lead  may  be  thus  nourifhed  than  by  any  other 
means.  Experienced  Farmer,  Vol.  I.  p.  88. 

For  the  produ&ion  of  a meadow  much  fuperior  to  thofe  commonN 
feen  Mr.  Curtis  recommends  fix  kinds  of  grafs  and  two  of  clover  to 
be  fowed  ; the  feeds  are  to  be  mixed  together  in  the  following  pro- 
portions. Meadow  foxtail,  alopecurus  pratenfis,  one  pint  ; meadow 
fefcue,  feftuca  pratenfis,  one  pint;  fmooth  ftalked  meadow-grafs, 
'poa  pratenfis,  half  a pintj  rough  ftalked  meadow-grafs,  poa  trivialis, 
half  a pint  ; crefted  dog’s-tail,  cynofurus  crifiatus,  a quarter  of  a 
pint;  fweet-fcented  vernal  grafs,  anthoxanthum  odoratum,  a quarter 
of  a pint;  Dutch  clover,  trifolium  repens,  half  a pint  ; red  clover,  tri- 
folium pratenfe,  half  a pint ; thefe  feeds  are  to  be  mixed  together, 
and  about  three  bufhels  to  be  fown  on  an  acre  in  rows  for  the  con- 
venience of  hoeing  them.  About  the  end  of  Auguft  or  beginning  of 
September  they  fhould  be  occafionally  weeded  and  thinned,  and  roll- 
ed in  the  fpring,  to  prefs  down  into  the  ground  fuch  roots  as  may 
have  been  raifed  by  the  froft. 

Mr.  Curtis  thinks  that  meadow  foxtail  and  rough  ftalked  meadow- 
grafs  fuit  moift  foils  the  beft  ; and  that  the  fmooth  ftalked  meadow- 
grafs  and  crefted  dog’s-tail  fuit  dry  paftures  ; and  laftly,  that  the 
meadow  fefcue,  and  the  fweet-fcented  vernal  grafs,  fuit  land  either 
moift  or  moderately  dry  ; and  gives  the  following  order  of  their 
times  of  flowering,  i.  Sweet-fcented  vernal.  2.  Meadow  foxtail. 
3.  Smooth  ftalked  meadow-grafs.  4.  Rough  ftalked  meadow-grafs. 
5.  Meadow  fefcue.  6.  Crefted  dog’s-tail.  See  Hall’s  Encycloped. 
Art.  Agriculture. 

Not  only  new  fown  gralTes  defigned  for  meadows,  but  the  larger 
grades,  which  have  the  names  of  corn,  as  wheat,  oats,  barley,  may  be 
advantageoufly  rolled,  when  dry,  after  froft,  which  by  expanding  the 
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water  in  moift  foils  lefiens  the  cavities,  which  are  occupied  by  roots; 
and  as  roots  or  their  branches  are  in  general  conical,  they  become 
pufhed  upwards ; and  luch  as  are  loofe  rife  quite  out  of  the  ground, 
as  is  often  feeti  to  happen  to  the  roots  of  the  ft  raw  berries,  when  a 
frofty  night  has  occurred  foon  after  their  being  tranfplanted.  After 
a flight  froft  the  larger  pebbles  of  a gravel  walk  are  feen  below  the 
furface,  as  if  they  had  funk  downwards  during  the  night  ; whereas 
this  is  owing  to  a fimilar  caufe,  the  expanfion  of  the  moift  foil  or 
gravel  an  inch  deep;  but  as  the  froft  had  not  penetrated  fo  low  as  to 
lvv>ell  the  ground  beneath  the  large  pebbles,  thefe  had  not  been  lift- 
ed up  like  the  fmaller  ones,  or  the  wet  fand. 

Secondly,  both  to  increafe  the  quantity  of  leaves  round  the  root, 
and  to  increafe  the  fize  or  vigour,  as  well  perhaps  as  the  number,  of 
leaf-buds  on  the  ftem,  a greater  fupply  of  water  than  ufual,  where  it 
can  be  done,  would  be  advantageous  ; as  is  done  to  the  rice-grounds 
in  warm  countries  in  the  early  part  of  its  growth,  and  as  in  flooding 
our  own  meadows  occafionally  in  the  vernal  months.  Thus  very 
moift  feafons  are  well  known  to  forward  the  luxuriant  growth  of  the 
herbage,  and  ftems,  in  the  cultivation  of  wheat,  and  to  render  the 
ears  later,  and  lefs  prolific. 

Where  plants  are  fown  for  the  purpofe  of  confuming  the  firft  fo- 
liage, as  grades  or  faint-foin,  the  feed  fhould  be  fown  thicker,  than 
where  the  plant  is  grown  for  the  purpofe  of  producing  feeds,  as  in 
wheat  or  peas  ; becaufe  the  quantity  of  the  firft  foliage  will  be  greater 
in  refpedt  to  number  ; and  the  central  parts  of  the  tuflocks,  as  is  of- 
ten feen  in  wheat  and  peas,  when  fown  too  thick,  will  rife  two  or 
three  inches  higher  in  their  conteft  for  light  and  air,  like  the  trees  of 
thick  planted  woods  ; and  will  hence  produce  a forwarder  pafture  as 
well  as  a more  copious  one. 

To  which  Ihould  be  added,  that  the  plants  with  fucculent  ftems, 
as  faint-foin,  lucern,  red  clover,  receive  fo  much  injury  from  the 
trampling  of  heavy  cattle,  that  they  fhould  be  mowed,  and  given  to 
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cows  and  horfes  in  their  Ralls  ; which  Riould  neverthelefs  have  a 
yard  or  fold  occafionally  to  run  into  with  the  convenience  of  water; 
and  if  Rraw  be  chopped  along  with  this  green  food,  it  might  be  a 
cheap  and  a falutary  addition. 

Where  a piece  of  grafs  land  is  overrun  with  tuflocks  of  four  grafs, 
which  often  happens  near  towns,  I have  been  informed,  that  lime  or 
coal-aflies  fpread  on  them  would  render  the  grafs  fweeter,  fo  that 
horfes  or  cattle  would  eat  it.  But  I fuppofe  the  more  certain  and 
advantageous  management  would  confift  in  mowing  it  frequently, 
and  giving  it  to  the  horfes  or  cattle  in  the  liable  or  Rail ; as  I believe 
they  will  eat  it  greedily  after  it  has  been  a few  hours  withered,  and 
thus  the  land  will  not  only  yield  more  provender  at  prefent,  but  af- 
ter a few  mowings  a fweeter  grafs  will  rife  in  the  place  of  that  which 
was  of  a bad  kind,  or  of  too  luxuriant  growth ; for  which  purpofe  it 
fhould  be  mowed  as  near  the  ground  as  may  be  ; or  if  it  be  frequent- 
ly mowed  during  the  fummer,  and  left  on  the  ground,  fome  cattle 
will  eat  it,  when  it  is  withered  to  a certain  degree ; by  which  the 
difagreeable  flavour  of  it  is  probably  leflened  or  deflroyed. 

The  art  of  making  hay  confifls  in  evaporating  about  two  thirds  of 
the  weight  of  it,  as  obferved  by  Young  and  Ruckert.  Dr.  Hales 
found  a fun-flower  plant,  which  weighed  forty-eight  ounces  to  lofe 
thirty-fix  ounces  by  drying  in  the  air  during  thirty  days  ; and  con- 
fequently  to  have  loR  three  fourths  of  its  weight.  Vegetables  to  ap- 
pearance perfe&ly  dry  contain  three  fifths  or  three  fourths  of  their 
weight  of  water ; a part  of  which  water  Mr.  Kirwan  thinks  is  not  in 
its  liquid  Rate,  but  that  it  is  by  a lofs  of  much  of  its  fpecific  heat  in. 
a great  meafure  folidified.  Kirwan  on  Manures,  p.  37.  Thus  when 
water  is  thrown  on  frefli  quick-lime,  a part  of  it  unites  with  the 
lime,  and  becomes  folid,  giving  out  much  heat  ; which  converts 
another  part  of  it  into  Ream,  as  mentioned  in  Se<5t.  X.  4.  4.  « 

There  are  two  methods  of  making  hay  pra&ifed  in  different  parts 
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of  the  country.  In  the  more  fouthern  counties  the  fwarths  are  not 
turned  over  or  fcattered  for  a day,  or  two,  or  three,  but  remain  as 
they  were  left  by  the  fcythe.  In  the  more  northern  counties  the 
hay-makers  follow  the  fnowers,  and  fcatter  the  grafs  immediately, 
of  on  the  fucceeding  day.  Perhaps  a method  between  thefe  may  in 
general  better  fuit  this  climate. 

Herbs  collected  for  medicinal  purpofes,  as  well  as  flowers,  fhould 
be  dried  in  the  fhade  ; otherwife  they  become  bleached,  and  lofe 
both  their  colour  and  their  odour,  by  too  great  infolation,  and  exha- 
lation. Now  if  the  fwarth  of  cut  grafs  be  only  turned  over  once  a 
day  for  three  or  four  days,  the  internal  parts  of  it  may  be  faid  to  be 
dried  in  the  fhade  ; and  afterwards  if  it  be  fpread  over  the  ground  for 
only  a few  hours  on  a fine  day,  I fuppofe  it  would  become  dry  enough 
to  flack,  and  have  loft  confiderably  lefs  of  its  nutritive  quality.  Some 
advife  a chimney  to  be  left  in  the  center  of  a flack  to  prevent  the 
hay  taking  fire,  but  there  fhould  then  alfo  be  culverts  under  the 
flack  to  fupply  that  chimney  with  air  ; which  may  be  made  by  cut- 
ting three  or  four  trenches  in  the  earth,  and  covering  them  with 
boards  or  flicks  with  their  apertures  expofed  to  the  wind  in  all  di- 
rections. Perhaps  the  beft  way  would  be  to  make  the  flack  narrow 
and  long,  and  bent  into  a femieircle  or  crefcent  to  enable  them  the 
better  to  refift  the  winds,  inftead  of  round  or  fquare,  though  a greater 
furface  would  indeed  be  afterwards  expofed  to  the  weather,  and  in 
fome  degree  injured,  by  this  mode  of  conftruCtion. 

When  the  grafs  is  fpread  uniformly  over  the  whole  meadow, 
which  is  called  tedding , it  will  fooner  dry,  as  fo  much  larger  a fur- 
face  of  it  is  expofed  to  the  wind  and  fun  ; but  it  fhould  certainly  be 
put  into  fmall  cocks  or  wind-rows  at  night,  efpecially  if  the  weather 
be  moift  ; becaufe  it  will  otherwife  receive  much  dirt  and  flime  from 
the^nnumerable  worms,  which  rife  out  of  the  ground  always  in  moift 
warm  nights,  and  generally  when  the  furface  is  covered  with  moift 
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grafs  at  all  feafons ; and  when  they  retreat  into  their  fubterranean 
manfions  in  the  morning,  they  are  liable  to  draw  in  the  ends  of  the 
grafs  to  flop  up  the  apertures  of  their  holes,  and  by  that  means  pre- 
vent the  centipes  from  following  them  into  their  homes,  and  deploy- 
ing them.  See  Zoonomia,  Vol.  I.  Sedt.  XVI.  16.  Whence  much  of 
the  new  hay  becomes  injured  by  the  foil,  they  previoufly  pufh  before 
them  out  of  their  mines,  and  by  that  which  adheres  to  the  grafs, 
which  was  drawn  in  to  Pop  the  apertures  of  them,  as  well  as  by  the 
Pime,  which  they  leave  behind  them  on  the  new  hay,  which  they 
pafs  through  or  over. 

On  this  account  hay-cocks  Piould  be  made  as  high  as  may  be  in 
proportion  to  their  bafe,  that  lefs  furface  may  he  in  contact  with  the 
ground,  as  well  as  that  a greater  furface  may  be  expofed  to  the  air 
for  a quicker  exhalation  of  its  moiPure,  and  for  the  purpofe  of  the 
better  fecuring  it  from  accidental  Piowers. 

In  wet  feafons,  I fufpedt,  the  beP  method  muP  confiP  in  turning 
over  the  rows  of  fwarth  every  day  or  every  alternate  day,  or  making 
it  into  fmall  cocks,  and  turning  them  over  in  the  fame  manner,  that 
the  rain  may  not  injure  the  whole  of  it  by  paPing  perpetually  through 
it,  and  waPPng  away  its  faccharine  and  mucilaginous  Puids ; and 
alfo  that  the  part  next  the  ground,  and  the  central  parts  of  the  cock 
or  fwarth,  may  not  pafs  into  fermentation  and  putrefadtion.  And 
laPly,  when  it  can  be  put  into  tall  cocks,  as  the  weather  becomes 
drier,  it  will  not  only  fooner  exhale  its  moiPure  by  the  contadt  of 
the  atmofphere,  but  a beginning  fermentation  vyill  fet  at  liberty  fome 
degree  of  heat,  and  thus  contribute  to  dry  it  by  increafmg  the  eva  • 
poration  ; as  the  great  heat  generated  in  hay-Packs  which  have  been 
PniPied  t)ut  one  day  or  two,  afiiPs  much  to  dry  the  whole  Pack  in 
moiP  feafons,  as  is  feen  by  the  denfe  Peam,  which  arifes  from  them. 

2.  Many  root-leaves  are  confumed  at  our'  tables  either  in  theirraw 
Pate,  as  thofe  of  water-crefs,  fifymbrium  naPurtium,  lettuce,  ladtuca 
fativa,  muPard,  Pnapis,  celery,  apium  ; many  others  are  previoufly 
v - boiled 
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boiled  to  diminifh  their  acrimony,  and  to  coagulate  their  mucilage, 
as  the  root-leaves  of  fpinach,  fpinacia,  of  cabbage,  braffica  oleracea, 
and  even  of  turnips,  braffica  rapa  ; along  with  thefe  Item-leaves  of 
many  plants  the  flower-buds  at  their  fummits  are  eaten,  as  thofe  of 
mercury,  mercurialis,  and  of  fome  of  the  cabbage  kind  called  bro- 
coli,  braffica  ital'ica. 

Many  of  thefe  leaves  not  only  conflfl:  of  a refpiratory  organ,  but 
at  the  lower  parts  of  them  efpecially,  or  in  their  ftalks,  there  exifts 
a refervoir  of  nutriment  for  the  riling  flower- Idem  or  for  the  ripening 
feed,  as  in  rhubarb  leaves,  and  in  cabbage  leaves,  which  is  limilar  to 
that  in  the  roots  of  other  herbaceous  plants,  and  which  renders  them 
both  palatable  and  nutritive.  Moll  of  thefe  concentric  leaves  are 
fituated  in  contact  with  the  earth,  as  thofe  of  lettuces,  laftuca,  and 
falfafi,  tragopogon.  But  others  of  them,  as  the  cabbages,  are  placed 
on  a Item  at  fome  diftance  from  the  ground  ; -in  the  former  the  up- 
per part  of  the  root  or  caudex  is  palatable  and  nutritious,  as  well  as 
the  lower  part  of  the  leaves  ; and  fome  of  them  are  of  fuperior  fla- 
vour when  boiled.  In  the  latter  the  refervoir  of  nutriment  for  the 
future  flower-ftem  and  feed  confifts  in  the  lower  part  of  the  ribs  of 
the  concentric  foliage,  as  in  the  concentric  leaves  or  lamina,  which 
cover  the  bulb  of  the  onion,  or  even  in  the  ftalks,  as  in  cabbages, 
and  artichoke,  which  are  therefore  not  only  efculent,  but  palatable 
and  nutritive. 

Other  leaves  are  eaten  in  their  early  ftate  along  with  the  Item, 
which  they  fur  round,  as  afparagus,  and  the  young  fhoots  of  fpinach, 
and  of  fome  kinds  of  brocoli,  and  of  mercury  ; which  laft  are  fome- 
times  fuffered  to  ffiew  their  flowers  before  they  come  to  our  tables, 
and  are  then  treated  of  in  Se£t.  XIX. 

The  art  of  cultivating  all  thefe  confifts  in  fupplying  them  with 
abundant  carbonic  earth,  and  with  abundant  moifture,  as  thefe  are 
more  friendly  to  the  luxuriant  growth  of  root-leaves  or  Item -leaves, 
than  to  the  production  of  the  flowers,  or  ripening  of  the  feeds,  as  ap- 
pears 
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pears  by  the  too  luxuriant  growth  both  of  herbaceous  plants  and  of 
fruit  trees  in  moift  feafons. 

Another  method  of  forwarding  the  growth  of  the  now  leaves  and 
fiem-fhoots  of  perennial  herbaceous  plants,  as  of  afparagus,  is  an- 
nually to  loofen  or  turn  over  the  earth  around  and  above  the  roots, 
for  the  purpofe  of  admitting  air  into  its  cells  or  cavities  to  convert  a 
part  of  the  manure  or  carbonaceous  foil,  with  which  they  have  been 
fupplied,  into  ammonia,  or  into  carbonic  acid,  and  thus  both  to  af- 
ford them  warmth  and  nutriment. 

Add  to  this,  that  the  leaves  of  trees  may  be  increafed  in  flze  by  lop- 
ping off  the  branches,  by  which  means  the  remaining  buds  acquire 
more  nutriment.;  the  black  mulberry  tree  is  thus  kept  low,  and 
formed  into  extend ve  fhrubberies  in  China  for  the  purpofe  of  feeding 
filkworms,  as  obferved  by  fir  G.  Staunton,  who  thinks  the  leaves 
are  thus  rendered  both  larger  and  more  fucculent ; and  adds,  that  the 
afli-tree  is  alfo  fometimes  ufed  for  the  fame  purpofe. 

3.  Another  method  of  deftroying  the  too  great  acrimony  of  leaves, 
betides  that  of  boiling  them,  confifts  in  fecluding  them  from  light, 
and  is  termed  etiolation.  This  is  chiefly  pra&ifed  on  cellery,  apium, 
by  earthing  it  up  nearly  to  the  top  of  the  plant  ; and  on  fea-kale, 
crambe  maritima,  by  covering  the  plant  entirely  with  horfe- litter  or 
ftraw,  as  described  in  Se6t.  XIV.  3.  3 ; and  on  lettuces,  and  endive, 
by  tying  together  the  root -leaves  with  a bandage. 

In  many  plants  the  central  bud  during  its  early  growth  feems  to 
be  naturally  in  a date  of  etiolation,  as  it  is  excluded  from  the  light 
by  the  curvature  of  the  furrounding  foliage,  as  in  cabbages,  and  par- 
ticularly in  fome  fpecies  of  aloe,  which  are  faid  to  confume  nearly 
a century  in  opening  their  numerous  concentric  foliage.  Thefe  etio- 
lated leaves,  like  flowers  before  the  calyx  is  opened,  are  white  ; and 
the  leaves  becomogreen,  or  the  flowers  of  many  other  colours,  when 
expofed  to  the  light,  as  explained  in  Sedt.  XIII.  1.3.  It  is  probable 
that  the  foliage  of  many  other  plants  might  be  rendered  efculent  by 
a thus 
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thus  deftroying  their  acrimony,  and  decreafing  the  tenacity  of  their 
fibres  by  etiolation,  as  well  as  the  leaves  of  celery,  apium  ; and  car- 
doon,  cinara  ; and  of  endive,  cichorium  endivia. 

A feclufion  from  the  fun’s  light  and  from  air  has  an  effect  fome- 
what  fimilar  on  animal  bodies,  rendering  them  pale  and  weak,  as 
may  be  feen  in  the  etiolated  young  ladies  of  fome  boarding  fchools 
and  in  thofe  who  pafs  their  waking  hours  in  unventilated  parlours 
during  more  than  half  the  night. 

4.  Other  vegetable  foliage  has  been  brought  into  very  extenfive 
ufe  infufed  in  hot  water  for  its  agreeable  aromatic  or  bitterifh  fla- 
vour, as  thofe  of  foreign  tea,  thea  ; and  of  the  afh,  fraxinus,  of  our 
own  ifland,  the  leaves  of  which  were  collected,  before  they  became 
expanded,  and  fold  after  being  dried  for  the  inferior  kind  of  Bohea. 
tea  in  fo  great  quantity  as  to  occafion  an  a£t  of  parliament  to  be  paflL 
ed  about  forty  years  ago  to  lay  a fine  on  any  one,  who  fhould  have 
accumulated  more  than  fifty  pounds  of  afh  leaves,  which  were  not  the 
produce  of  his  own.  trees.  The  leaves  of  many  other  of  our  domeftic 
vegetables,  as  of  mint,  balm,  and  fage,  mentha,  melifla,  falvia,  have 
been  infufed  in  hot  water  as  an  agreeable  diluent  beverage  both  in 
health  and  ficknefs ; the  laft  of  which,  the  fage,  poflefles  a very 
pleafant.  aromatic  flavour  ; and  if  the  infufion  be  poured  from  the 
leaves,  before  it  has  acquired  too  much  of  the  bitter  flavour,  it  is  very 
grateful  to  the  palate  or  flomach,  and  has  been  efteemed  falubriou& 
from  high  antiquity  to  the  prefent  times,  whence  the  line  of  Ho- 
race :: 

Cur  moriatur  homo,  cui  falvia  crefeic  in  horto  ?? 

All  thefe  infufions  become  nutritive,  when  drank  with  cream  and 
fugar,  and  have  certainly  contributed  to  the  health  of  the  inhabi- 
tants of  this  ifland  by  decreafing  the  potation  of  fermented  or  fpiritu- 
ous  liquors ; and  to-  their  morality  by  more  frequently  mixing  the. 
ladies  and  gentlemen  in  the  fame  fociety. 


The 
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The  leaves  of  thefe  plants,  as  well  as  the  aromatic  or  balfamic  buds 
*of  feme  other  plants,  as  of  myrica,  gale;  of  tacamahaca,  populus  % 
balfamifera  ; of  balm  of  Gilead,  amyris  giliadenfis,  and  many  others, 
fliould  be  gathered  at  the  tifne  of  their  greateft  fragrance,  as  the  ef- 
fential  oils,  which  conftitute  their  odorous  exhalation,  perpetually 
evaporate,  as  our  fenfe  of  fmell  informs  us  ; and  were  apparently  for 
the  purpofe  of  defending  the  plants  from  the  depredation  of  infedts  in 
their  flate  of  infancy. 

5.  Other  leaves  have  been  ufed  for  medicinal  purpofes,  and  for  the 
arts  of  dying  and  tanning,  like  the  barks  before  mentioned;  as  the 
leaves  of  carduus  benedictus,  cnicus  acarna,  as  ail  emetic ; thofe  of 
foxglove,  digitalis  purpurea,  as  an  abforbent  in  anafarca  ; thofe  of 
hog-bean,  menyanthes  trifoliata,  as  a corroborant  ; which  laft  might 
probably  fupply  the  place  of  hops,  humulus  lupulus,  in  the  brewe- 
ries of  malt-liquors ; and  as  it  might  be  plentifully  cultivated  on 
boggy  grounds,  which  are  not  at  prefent  ufed  for  other  purpofes, 
might  be  a cheaper  bitter  to  the  confumer,  and  fave  to  the  public 
much  more  fertile  foil  for  the  cultivation  of  corn  or  other  valuable 
vegetables. 

The  leaves  of  teucrium  fcorodonia,  wood-fage,  are  as  bitter  as 
thofe  of  menyanthes,  bog-bean,  and  have  been  ufed  with  fuccefs,  as 
I have  witnelfed,  in  the  cure  of  agues  ; and,  as  it  grows  on  dry  barren 
foils,  might  poffibly  be  cultivated  to  fupply  the  place  of  peruvian  bark 
in  fome  difeafes,  or  to  fupply  the  ufe  of  hops  in  the  breweries  of 
malt-liquor. 

The  leaves  of  oak-trees,  quercus  robur,  and  of  afh-trees,  fraxinus 
excelfior,  and  of  alder,  betula  alnus,  even  after  they  drop  fpontane- 
oufly  in  the  autumn,  are  faid  to  ferve  the  purpofe  of  tanning  animal 
membranes,  like  the  barks  of  the  fame  trees  fpoken  of  in  Se£t.  XVII. 

3.  5 ; and  for  the  purpofes  of  dying,  the  leaves  of  indigo,  indigofera 
tindloria  ; and  of  wood,  ifatis  tin&oria  ; and  of  weld,  refeda  luteola, 
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have  been  much  cultivated,  and  extenfively  ufed  ; and  a fpecies  of 
polygonum  is  faid  to  be  much  cultivated  in  China  for  the  fame  pur- 
pofes  as  indigofera  by  fir  G.  Staunton ; to  which  may  be  added  the  fo- 
liage of-lichen  fruCticofus,  or  archil,  a whitifh  lichen  brought  from 
the  rocks  of  the  Canary  Ifiands,  which  gives  a beautiful  bloom  to 
other  colours,  but  is  itfelf  very  fugitive.  Linneus  aflerts  in  the 
Swedifh  TranfaCtions,  that  this  archil  mofs  is  to  be  found  on  the 
weftern  coafls  of  England  ; and  it  is  faid,  that  the  archil  is  now  pre- 
pared by  Mefifrs.  Gordens  at  Leith  near  Edinburgh  from  a fpecies 
found  in  the  Highlands  of  Scotland.  Encyclopedia  Britannica.  Art. 
Archil.  The  manner  of  cultivation  and  of  the  extraction  of  the  co- 
louring matter  from  the  leaves  of  thefe  plants  may  be  alfo  feen  in 
Bomare’s  Di&ionaire  Raifonne,  and  in  Chambers’s  Encyclopedia.  It 
it  probable,  that  many  other  plants,  as  hedyfarum,  faintfoin,  or  the 
broad  thick  leaves  of  phytolacca,  might  yield  a fimilar  material  to  that 
of  indigo,  woad,  and  weld,  if  properly  cultivated  and  prepared,  as  well 
as  other  kinds  of  moflfes  or  lichens  to  that  above  mentioned. 

The  green  colour  of  perhaps  all  vegetables,  as  well  as  of  thofe 
from  which  indigo  and  woad  are  produced,  is  owing  to  the  blue  fe- 
cula,  which  has  been  obtained  for  the  dyers  principally  from  thofe 
plants  ; and  to  a yellow  material,  which  is  more  fugitive  or  more  ea- 
fily  decompofed,  which  yellow  may  poffibly  be  owing  to  iron.  This 
blue  fecula  is  fimply  obtained  from  indigo,  as  it  fubfides  from  the 
fluid,  in  which  the  plant  is  fufFered  to  ferment;  and  is  obtained  from 
woad  along  with  the  cellular  parts  of  the  leaves  during  their  fermen- 
tation in  water,  and  beaten  into  a mafs.  It  is  probable  that  the  bluefl: 
kinds  of  vegetables  may  contain  the  mod  of  this  fecula. 

For  domeltic  purpofes  the  juice  of  the  fage-leaf,  falvia  officinalis, 
has  been  ufed  both  to  give  colour  and  flavour  to  cheefe  ; and  the 
juice  of  fpinach  is  employed,  I am  informed,  to  colour  the  green  uf- 
quebaugh,  a favourite  dram  with  the  Irifh  vulgar.  And  it  is  proba- 
ble, that  the  leaf  of  the  vine,  which  bears  purple  grapes,  might  give 
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a flmilar  colour  and  aftringent  tafte  to  our  aomeftic  wines,  as  the 
fkin  of  the  fame  grape  gives  to  the  foreign  wines  made  from  it  ; 
fince  the  leaves  of  this  vine  always  become  quite  red  in  autumn,  be- 
fore .they  fall,  probably  by  the  concentration  of  their  acidity,  as 
their  water  evaporates  unfupplied  ; as  all  blue  vegetable  juices  be- 
come green  by  an  admixture  of  alkali,  and  red  by  that  of  an  acid. 

6.  Another  ufe  for  which  leaves  are  collected  by  fame  gardeners, 
as  they  fall  in  autumn  from  any  kinds  of  trees,  is  for  the  produ&ion 
of  heat  by  fermentation  in  hot-houfes,  or  melon -frames,  inftead  of 
oak-bark,  after  its  bitter  particles  have  been  much  extra&ed  by  the 
tanner ; and  it  is  probable,  that  many  leaves  might  be  feleded,  as  they 
will  thus  undergo  fermentation,  which  might  afford  a fpirituous 
drink  like  fmall  beer  without  any  difagreeable  flavour,  or  unwhole- 
fome  material ; which  now  ferve  only  for  manure  when  gathered 
into  heaps,  or  by  their  flow  decay  on  arable  lands ; or  encumber  the 
grafs  lands,  they  fajl  upon. 

11.  Of  TVoods. 

1.  The  leaf-buds  of  trees  producing  a viviparous  offspring  acquire 
new  caudexes,  extending  from  the  branches  to  the  ground,  and  the 
intertexture  of  thefe  caudexes  forms  the  new  bark  over  the  old  one. 
But  the  flower-buds  acquire  no  new  caudexes  down  the  bark,  as 
their  oviparous  progeny  does  not  adhere  to  the  fide  of  the  parent 
bud,  but  falls  down  when  mature,  and  ftrikes  root  into  the  foil. 

Now  as  the  bark  of  trees  is  thus  produced  along  with  the  leaf- 
buds,  and  as  it  annually  becomes  alburnum  or  fap-wood  ; and  that 
fap-wood  gradually  lofes  all  vegetable  life,  and  becomes  heart-wood, 
it  follows,  that  the  art  of  forwarding  the  growth  of  the  wood  of 
trees  mud  confiff  in  producing  and  nourifhing  the  leaf-buds. 

For  this  purpofe  the  roots  of  trees  fhould  be  fupplied  with  rather 
more  water,  than  they  generally  poffefs  in  their  raoft  natural  ftate,  or 
the  brandies  fhould  be  fprinkled  By  a water-engine ; as  moifture  fa- 
cilitates * 
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cilitates  the  produdtion  of  the  new  caudexes  of  the  leaf-buds  proba- 
bly by  leflening  the  cohefion  of  the  cuticle,  or  mechanically  relax- 
ing it,  like  the  cuticle  of  our  hands  when  long  foaked  in  water,  as 
well  as  by  fupplying  them  with  more  nutriment. 

It  may  fometimes  occur,  that  the  cuticle  of  trees,  or  exterior  bark, 
may  adhere  too  ftrongly,  and  by  not  opening  in  cracks  confine  the 
growth,  or  prevent  the  production  of  the  caudexes  of  the  new  buds. 
There  is  annually  a new  cuticle  produced  beneath  the  old  ones,  as 
well  as  a new  bark  above  the  old  ones  ; hence  fome  trees  have  as 
many  cuticles  as  they  are  years.old,  others  call:  them  more  eafily,  as 
a fnake  calls  its  cuticle.  When  a number  of  cuticles  thus  exift  one 
over  another,  it  is  ufeful  to  fcratch  them  longitudinally,  which  will 
admit  the  new  bark  beneath,  confiding  of  the  caudexes  of  the  various 
buds  to  fwell  out,  and  form  a line  more  prominent  than  the  other  parts 
of  the  trunk  of  the  tree.  If  crooked  young  trees  be  thus  fcratched  in- 
ternally in  refpeCt  to  the  curvature,  and  this  repeatedly,  I am  in- 
formed, that  they  will  gradually  become  ftraight,  by  thus,  encourag- 
ing the  growth  within  the  curvature  more  than  on  its  convex  fide. 

Another  method  of  increafing  the  number  and  vigour  of  the  leaf- 
buds,  and  in  confequence  of  enlarging  the  wood  of  a tree,  confifts  in 
pinching  off  the  flowers,  as  foon  as  they  appear ; as  the  no-urifhment 
is  thus  fupplied  to  the  leaf-buds  by  the  inofculation  of  the  veflels  of 
the  bark,  which  otherwife  would  have  been  expended  on  the  flowers, 
fruit,  and  feeds.  The  truth  of  this  circumftance  is  not  only  coun- 
tenanced by  gardeners,  who  pull  off  the  flowers  of  fruit-trees  lately 
planted  to  encourage  their  growth,  but'alfo  from  the  appearance  of 
fickly  trees  ; which  are  liable  to  perifh,  when  in  flower.  In  this  cafe 
it  often  happens,  that,  after  the  flowers  fade,  lome  of  the  leaf-buds 
continue  to  expand,  or  new  ones  put  out,  owing  to  the  fupply  of 
nutriment  not  being  now  expended  on  the  flowers. 

2.  As  tall  timber  trees  without  branches,  and  confequent  knots  in 
the  timber,  are  moft  valuable  except  for  (hip- building',  this  may  be 
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certainly  effe&ed  by  planting  them  near  each  other ; as  then  the 
powerful  conteft  with  each  other  for  light  and  air  propels  them  up- 
wards, inftead  of  producing  many  lateral  branches  ; as  may  be  feen 
in  many  woods,  which  have  not  been  too  much  thinned.  For  this 
purpofe  fome  have  planted  trees  of  lefs  value  though  of  quicker 
growth,  as  pines,  amongft  oaks  ; which  may  be  pruned  or  lopped, 
if  they  (hade  the  oaks  too  much,  and  may  be  finally  removed,  when 
the  oaks  are  crowded  by  them  ; whence  fingle  trees  feldom  grow  fo 
tall  as  thofe  in  woods,  and  appear  Runted,  as  it  is  called  ; which  is 
generally  afcribed  to  the  cold  feafons,  or  to  their  being  expofed  more 
to  the  winds;  which  may  perhaps  fometimes  happen  in  this  nor- 
thern climate  ; or  where  trees  are  expofed  to  inlalubrious  air,  as  near 
the  fea  ; or  exiR  in  colder  fituations,  as  on  the  lummits  of  moun- 
tains. 

Something  fimilar  to  this  may  be  feen  in  tuflocks  of  grafs,  or 
where  too  many  feeds  of  wheat  have  been  fown  near  together.  The 
central  part  of  the  knot  of  wheat  or  grafs  grows  much  taller  than  the 
external  part,  fo  as  to  give  it  a conical  figure  ; which  has  been  by 
i'ome  afcribed  to  the  central  part  having  been  Iheltered  from  the  cold 
by  the  external  ring,  but  is  more  generally  owing  to  the  Rruggle  of 
the  internal  Rems  for  the  acquifition  of  light  and  air. 

The  Society  of  Agriculture  at  Copenhagen  has  propofed  prizes 
concerning  the  cultivation  of  timber  for  Riip-building.  One  queRion 
is,  whether  the  necefl'ary  form  and  degree  of  flexion  can  by  any  means 
be  given  to  growing  timber  without  injuring  it  ? This  I imagine 
may  be  done  by  annually  fcratching  the  external  bark  or  cuticle  ei- 
ther longitudinally  or  horizontally  on  the  fouth  fide  of  the  part  of  a 
tree,  which  is  wiflied  to  be  curved,  as  the  fouth  fide  of  trees  are 
known  to  grow  faRer  annually  than  the  north  fide,  as  is  feen  by  the 
greater  thicknefs  of  the  concentric  rings  of  a tree,  when  felled  and 
fawed  into  blocks  ; and  becaufe  the  cuticle  bounds  the  lateral  growth 
of  the  trunks  of  trees,  as  the  Ikin  of  animals  bounds  the  growth  of 
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the  cellular  parts  beneath  it ; and  hence  that  fide  of  the  tree,  where 
the  cuticle  or  exterior  bark  is  frequently  fcratched  through,  will  be- 
come larger  than  the  other  fide  of  the  tree,  and  tend  to  bend  it  into 
a curve  with  the  fcratched  fide  outwards.  Trees  alfo  on  the  outfide 
rows  of  woods  will  fpontaneoufly  bend  outwards  for  light  and  air, 
and  may  I fufpedt  be  more  eafily  formed  into  proper  curves  by  the 
method  above  propofed.  And  where  trees  in  a wood  are  at  a proper 
difiance  from  each  other,  they  may  forcibly  be  bent  by  cordage  to- 
wards each  other,  and  then  by  wounding  the  exterior  and  interior 
bark  longitudinally,  or  perhaps  horizontally  alfo  on  the  exterior  fide 
of  the  curved  part  of  the  tree,  they  may  be  brought  into  almoft  any 
degree  of  flexure,  which  they  will  afterwards  preferve  as  the  tree 
advances. 

Some  of  the  quicker  growing  trees  may  be  more  valuable  to  the 
planter  than  oaks,  and  fome  in  different  foils  are  more  valuable  than 
others  ; as  willow -trees  in  the  hedge-rows  in  moifi  grounds  are  faid, 
if  headed  once  in  ten  years,  on  an  average  to  produce  each  of  them 
one  fhilling  a year.  Perhaps  the  ozier  for  bafket  making  may  be  fiili 
more  advantageous  in  low  grounds  ; there  is  a valuable  paper  on  the 
planting  of  them  and  the  choice  of  the  kinds  of  them  in  the  Tranfi* 
actions  of  the  Society  of  Arts,  Vol.  XVI.  p.  129,  by  Mr.  Phillips. 
Perhaps  the  fugar-maple  may  alfo  be  cultivated  in  this  climate  to  ad- 
vantage on  many  barren  commons,  as  on  Cannock  Heath.  And  cer- 
tainly pines,  as  Scotch  fir,  might  in  thefe  fituations  fucceed  aftonilh- 
ingly,as  appears  by  the  plantations  of  Mr.  Anfon  on  the  barren  moun- 
tains near  his  feat  in  Staffordlhire  ; and  alfo  from  the  plantations  of 
the  marquis  of  Bath  at  the  foot  of  Wiltfhire  Downs  near  War- 
minfter,  whofe  fieward,  Mr,  Davis,  has  given  a valuable  account  of 
the  profit  of  planting  Scotch  fir  in. preference  to  other  timber  trees  ; 
and  finally  afferts,-“  that  although  fir-timber  is  worth  individually 
more  per  tree  than  oak  or  beech  of  the  fame  fize,  thefe  trees  will  ne- 
verthelefs  grow  fafter  and  thicker  together  than  any  other  trees.  Four 
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firs  will  grow,  where  but  one  oak  or  beech  will  grow  ; for  firs  are 
the  better,  and  deciduous  trees  the  worfe,  for  being  crowded.”  I fup- 
pofe  becaufe  the  branches  of  the  latter  are  valuable,  but  the  former  is 
injured  by  the  knots  left  in  the  trunk,  where  large  branches  have 
exifted.  Tranf.  of  Society  of  Arts,  Vol.  XVI.  p.  126. 

Mr.  Davis  adds  further,  I fuppofe  from  his  own  obfervation,  that 

the  chalk-hills  in  Hampshire  are  peculiarly  proper  for  beech  ; the 
flinty  loams  and  clays  of  the  fame  county  for  oaks  and  afh  ; the 
moffy  deep  fides  of  the  Wiltihire  Downs  for  hazel ; the  rugged  and 
almoft  naked  rocks  of  Mendip  in  Somerfetfhire  near  Chedder  pro- 
duce the  lime-tree  and  the  walnut  in  the  greateft  luxuriance  ; and 
on  the  higheft  parts  of  the  fame  Mendip  hills,  where  no  other  tree 
can  (land  the  fea-breeze,  fycamore  flourishes  as  well  as  in  the  mod 
fertile  vallies.  But  taking  into  consideration  the  general  demand  of 
countries,  and  the  peculiarities  of  different  foils,  no  kind  of  wood  is 
fo  generally  profitable  for  planting  in  coppices  as  afh.”  Ib. 

3.  Another  thing  concerning  timber-trees,  which  ought  to  be  at- 
tended to,  is  the  injury,  they  are  liable  to  receive  from  lightning; 
which,  I am  informed,  is  much  more  frequent  than  is  generally  lup- 
pofed  ; infomuch  that  in  felling  moft  woods,  ©Specially  thofe  which 
grow  in  wet  fituations,  very  many  of  the  trees  are  found  to  be  crack- 
ed longitudinally  to  the  great  injury  of  the  timber  ; to  prevent  this, 
pointed  wires,  as  thick  as  a goofe  quill,  fhould  be  attached  to  a few 
of  the  tailed  trees  of  all  flourifhing  woods  reaching  above  their  fum- 
mits,  as  conductors  of  lightning.  Add  to  this  that  the  holes  made  by 
wood-peckers,  1 am  told,  are  very  numerous,  and  do  much  injury  to 
the  timber  of  our  forefts,  which  can  only  be  prevented  by  deftrov- 
i no-  that  beautiful  and  ingenious  bird. 

, 4.  Woods  differ  from  each  other  in  many  refpe&s,  and  are  there- 
fore ufed  for  many  other  purpofes  befides  mechanical  ones;  as  in 
colour;  whence  particular  woods  are  chofen  for  their  beauty  in  the 
conftruction  of  the  furniture  of  houfes,  as  rofe-wood,  afpalathus  ; 
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others  are  ufed  in  the  art  of  dying,  as  the  Campechy  wood,  hasma- 
toxylum,  and  faunders,  fantalum,  and  pterocarpus  ; and  feveral 
others.  Other  woods  differ  in  their  medicinal  properties,  as  guaicum, 
quaflia,  Campechy  wood,  and  faflafras.  Others  differ  in  their  che- 
mical properties,  affording  effential  oils,,  as  oleum  rhodii,  and 
turpentines  or  balfams,  and  tar  ; and  in  their  reftringency,  as  the 
oak. 

5.  The  oak  probably  contains  much  gallic  acid,  fuch  as  has  been 
extracted  from  the  galls  occafioned  on  their  leaves  by  the  punctures 
of  infe&s ; whence  oak  boards  are  faid  to  corrode  the  fheets  of  lead, 
which  are  laid  on  them,  and  are  hence  believed  to  be  improper  for 
the  gutture-boards  on  the  roofs  of  houfes.  But  the  Tap-wood,  or  ex- 
ternal part  of  all  timber,  I fufpedt,  mufl:  be  improper  for  this  pur- 
pofe  on  another  account ; as,  when  confined  from  much  air  by  the. 
fheet  of  lead  over  it,  it  mull  lie  for  many  months  in  the  year  in- 
that  flate  of  moiflure,  which  will  favour  the  fermentation  of  the 
faccharine  matter,  which  all  Tap-wood  contains;  and  will  thence  be 
fubject  to  the  dry  rot,  as  it  is  called  by  architects.  This  may  be  long 
prevented  by  leaving  proper  holes  in  the  walls  on  all  fides  the  build- 
ing immediately  under  the  roof,  as  has  been  generally  done  by  thofe 
itinerant  bodies  of  architects,  who  fhewed  fuch  prodigies  of  genius  in 
the  conftruCtion  of  cathedrals  in  this  ifland,  and  all  over  Europe  ; and 
whofe  fecret  identifying  words,  and  confederate  figns,  which  were 
neceffary  to  them  in  foreign  countries,  whofe  language  they  had  not 
time  to  acquire,  Teems  to  have  given  origin  to  the  modern  myfteries. 
of  Free-mafonry. 

The  rot  of  wood  might  probably  be  entirely  prevented  by  foaking 
dry  timber  fir Tfc  in  lime-water,  till  it  has  abforbed  as  much  of  it  as 
may  be ; and  then  after  it  is  dry  by  foaking  it  in  a weak  folution  of 
vitriolic  acid  in  water  ; which  will  unite  with  the  lime  already  de— 
pofited  in  the  pores  of  the  timber,  and  convert  it  into  gypfum  ; which 
I Tuppofe  will  not  only  preferve  it  from  decay  for  many  centuries,  if 
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it  be  kept  dry,  but  alfo  render  it  lefs  inflammable,  a circumflance 
worthy  attending  to  in  the  conftrudtion  of  wood- built  houfes.  I alfo 
conceive  that  beams  fo  impregnated  would  be  lefs  liable  to  fwag, 
and  boards  fo  prepared  lefs  liable  to  warp.  In  the  immenfe  fait- 
mines  of  Hungary  many  large  wooden  props,  which  fupport  the  roof, 
and  are  perpetually  moiftened  with  falt-water  trickling  down  them, 
are  faid  to  have  fuffered  no  decay  for  many  centuries. 

6.  Woods  alfo  differ  from  each  other  in  their  hardnefs,  or  the 
■general  cohefion  of  their  particles,  whence  one  kind  of  timber  has 
obtained  the  name  of  iron-wood,  fideroxylum.  Others  differ  in  the 
finenefs  of  their  conftituent  fibres,  which  fhew  a beautifully  fmooth 
polifh,  when  planed,  as  rofe-wood,  afpalathus. 

Where  thefe  two  properties  of  hardnefs  and  fmoothnefs  exift  to- 
gether, as  in  box,  buxus  fempervirens,  the  wood  mufl  be  peculiarly 
valuable  for  the  purpofe  of  making  wooden  printing  blocks,  fo  well 
managed  at  this  time  by  Mr.  Bewick  of  Newcaftle  in  his  books  of 
Natural  Hiftory  of  Quadrupeds  and  Birds. 

7.  Other  woods  differ  in  their  durability,  as  cyprefs,  cedar,  maho- 
gany, are  faid  to  be  indiftrudtible  by  time,  or  by  the  depredation  of 
infedts.  The  wood  of  the  cedar  of  Bermudas,  Juniperus  Bermu- 
diana,  in  which  black-lead  pencils  are  inclofed,  is  faid  not  to  be  eaten 
by  either  aerial,  terreftrial,  or  marine  infedts,  and  is  thence  ufed  in 
the  Weft  Indies  for  building  veffels,  whofe  bottoms  are  not  pene- 
trated by  fea-worms.  The  unperifhable  chefts,  which  contain  the 
Egyptian  mummies,  were  of  cyprefs,  as  well  as  the  coffins  in  which 
the  Athenians  are  faid  by  Thucydides  to  have  buried  their  heroes. 
The  gates  at  St.  Peter’s  at  Rome,  which  had  lafted  from  the  time  of 
Conftantine  to  that  of  Pope  Eugene  the  fourth,  that  is  eleven  hun- 
dred years,  were  of  cyprefs,  and  had  at  that  time  fuffered  no  decay. 

Of  thefe  fome  are  believed  to  endure  longer  in  water  than  others, 
as  alder,  betula  alnus,  and  is  therefore  efleemed  preferable  for  piles 
to  guard  the  banks  of  rivers.  But  Mr.  Brindly,  the  condudlor  of  the 
1 grand 
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grand  trunk  canal,  allured  me,  that  he  believed  from  obfervation, 
“ that  red  Riga  deal,  or  pine-wood,  would  endure  as  long  as  oak  in 
all  fituations,”  owing  perhaps  to  its  being  fo  full  of  refin  or  turpen- 
tine. 

8.  Other  woods  differ  in  the  degree  of  the  lateral  adhefion  of  their 
longitudinal  fibres,  as  the  fir-wood,  or  deal,  pinus,  whence  the  tim- 
ber readily  fplits  by  wedges.  As  the  moifhire  of  the  atmofphere  is 
abforbed  into  the  pores  of  the  dry  cellular  membrane,  whch  connects 
the  longitudinal  fibres  of  thefe  woods,  more  than  into  thofe  of  the 
longitudinal  fibres  themfelves,  they  become  much  more  dilated  la- 
terally than  extended  longitudinally,  by  the  change  of  a dry  atmo- 
fphere to  a moift  one;  whence  by  joining  pieces  of  deal  cut  crofs-wife 
into  a rod  of  fome  feet  in  length,  a very  fenfible  creeping  hygrome- 
ter was  made  by  Mr.  Edgeworth,  defcribed  in  the  Botanic  Garden, 
Vol.  II.  note  on  Impatiens.  And  as  this  wood  is  not  liable  to  be 
much  extended  by  low  degrees  of  heat,  when  it  is  impregnated  with 
boiling  oil,  or  covered  with  varnifh,  to  prevent  the  accefs  of  aerial 
moifture,  the  pendulums  of  time-keepers  have  been  conftrudted  of 
it,  which  have  not  perceptibly  lengthened  in  any  variations  of  the 
heat  or  moifture  of  the  atfriofphere. 

9.  Another  circumftance  of  great  confequence,  in  which  woods 
differ,  is  their  fpecific  gravity,  as  many  of  them  will  fink  in  water, 
as  oak  after  it  has  been  long  moiftened  ; and  others  will  fwim  with 
much  of  their  contents  above  water,  as  deal,  and  hence  have  been 
ufed  for  the  conftrudtion  of  rafts  for  the  purpofes  of  rude  naviga- 
tion ; and  which  are  now  faid  to  be  confirudted  in  France  as  eno-inec 
of  war,  probably  for  the  defign  of  fuddenly  landing  troops,  horfes, 
artillery,  and  provifions,  from  the  fhips  of  invading  armies  on  danger- 
ous fhores,  and  for  the  certainty  of  re-embarking  them.  Thefe  ne- 
verthelefs  can  not  carry  great  burthens  fimply  by  their  fpecific  le- 
vity ; but  if  each  piece  of  timber  could  be  made  hollow,  and  rendered 
water-tight,  fo  as  to  contain  air,  which  might  probably  be  done  by 
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boring  them,  and. plugging  up  the  ends  ; or  by  joining  thick  boards 
together  by  means  of  paint  and  flannel,  or  caoutchouc,  fo  as  to  con- 
flru<ft  long  fquare  wooden  troughs  filled  with  air,  perhaps  eight 
or  ten  inches  diameter  within,  and  twenty  or  thirty  feet  long.  If  the 
junctions  of  thefe  could  be  rendered  water-tight,  and  a number  of 
fuch  hollow  trunks  could  be  chained  loofely  together,  and  laid 
crofs-wife  three  or  four  times  over  each  other,  they  might  carry  very 
large  burthens,  not  eafily  to  be  deftroyed  by  ftorms,  or  funk  by  can- 
non fhot. 

10.  Another  difference  of  the  longitudinal  fibres  of  timber  confifls 
in  their  degree  of  elafticity,  a circumftance  of  much  greater  confe- 
quence  to  our  anceftors  in  refpedl  to  the  art  of  war  than  to  the  pre- 
fent  generation  ; as  their  bows  for  dicharging  arrows,  and  the  cata- 
pulta,  or  engine  for  throwing  flones,  depended  on  the  recoil  of  rods 
or  beams  of  timber  forcibly  bent  into  a curve.  For  the  conftrudtion 
of  bows  the  yew-tree,  taxus,  was  ufed  in  this  ifland,  and  was  plant- 
ed in  church-yards,  probably  for  the  purpofe  of  fupplying  the  youth 
of  the  parifh  with  bows,  that  they  might  become  expert  in  the  ufe 
of  them  ; many  of  which  have  acquired  extreme  old  age,  and  remain 
to  this  day. 

11.  When  tall  trees  are  defigned  to  be  tranfplanted  for  the  pur- 
pofe of  ornamenting  a pleafure-ground,  it  is  proper  to  dig  a circular 
trench  round  them  two  or  three  feet  deep  in  the  early  Ipring  ; 
whence  many  new  roots  will  fhoot  from  thole,  which  have  their 
ends  cut  off,  and  thus  the  ball  of  earth  will  be  better  held  together, 
when  the  tree  is  removed  in  the  fucceeding  autumn,  and  the  tree 
by  having  previoufly  produced  fo  many  more  fine  abforbent  radicles 
will  be  more  certain  to  grow  in  its  new  fituation. 

Hence  when  new  grafted  fruit-fcions  on  young  flocks  are  defigned 
to  remain  a few  years  in  the  nurfery,  before  they  are  defigned  for 
fale,  fome  provident  gardeners  I am  told  tranfplant  them  every  two 
years,  that  the  root-fibres  may  be  more  numerous  in  a fmall  com- 
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pafs,  which  occafions  them  to  grow,  when  finally  tranfplanted,  with 
more  certainty,  and  with  greater  vigour. 

As  tranfplanted  trees  fhould  not  be  fet  too  deep  in  the  ground, 
as  their  growth  is  then  always  much  checked,  as  explained  in  Sed. 
XV.  2.  4.  they  generally  require  fome  kind  of  props  to  prevent 
them  from  being  overturned,  or  much  fhook  by  the  winds,  before 
they  have  fufficiently  extended  their  roots.  As  the  bark  is  the  only 
living  part  of  the  tree,  it  is  liable  to  receive  much  injury  from  its 
contufion  by  the  preffure  of  the  props  againfl  it,  or  by  the  flrangu- 
lation  of  the  bandage  which  holds  it  to  them.  Hence  as  the  inter- 
nal wood  of  a tree  is  not  alive,  I remember  many  years  ago,  that  I 
faftened  one  prop  by  a ftrong  nail  to  each  fruit-tree  of  a fmall  or- 
chard, which  I then  planted  ; and  found  the  tree  fupported  with 
much  lefs  apparent  injury  than  in  the  ufual  manner  by  three  props 
and  adapted  cordage. 

12.  The  time  for  felling  timber  has  generally  been  in  the  winter 
feafon,  when  labourers  could  beft  be  fpared  from  other  rural  em- 
ployments, and  from  the  architecture  of  towns;  but  it  was  long 
ago  obferved  by  Mr.  S.  Pepys  in  a paper  publilhed  in  the  Philofoph. 
Tranfad.  Vol.  XVII.  p.  455,  that  the  beft  time  for  felling  oaks  for 
fhip-building  was  after  having  taken  off  the  bark  in  the  early  fpring, 
and  having  buffered  the  new  foliage  to  put  forth  and  die.  For  by 
the  pullulation  of  the  new  buds  the  faccharine  matter  in  the  fap- 
wood  or  alburnum  is  expended,  and  it  then  becomes  nearly  as  hard 
and  durable  as  the  heart-wood,  being  both  lefs  liable  to  decay,  or  to 
be  penetrated  by  infeds  ; which  was  a curious  and  ingenious  difco- 
very  at  that  time,  though  the  theory  was  not  well  underftood  ; the 
truth  of  which  has  now  been  eftabbfhed,  I believe,  by  the  experi- 
ence of  a century. 

As  the  bark  of  trees  annually  changes  into  alburnum  or  fap-wood, 
fo  the  alburnum  annually  changes  into  lifelefs  wood  ; whence  the 
concentric  rings,  which  are  feen  in  the  trunks  of  trees,  when  they 
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are  felled,  are  annually  produced  ; and  are  faid  generally  to  be  thicker 
on  that  fide  of  the  trunk,  which  grows  towards  the  fouth,  than  on 
the  northern  fide,  and  thicker  in  the  fummers  moft  favourable  to  ve- 
getation than  the  contrary.  Thefe  rings,  as  they  lofe  their  vege- 
table-life, and  at  the  fame  time  a part  of  their  moifiure  by  evapora- 
tion, or  abforption,  gradually  become  harder  and  of  a darker  colour ; 
infomuch,  that  by  counting  their  number,  it  is  faid,  that  not  only 
the  age  of  the  tree,  but  that  the  mildnefs  or  moifture  of  each  fum- 
mer  during  the  time  of  its  growth  may  be  efiimated  by  the  refpec- 
tive  thicknefs  of  the  rings  of  timber. 

13.  In  the  fame  manner  the  central  pith  alfo  Iofes  its  vegetable 
life,  probably  after  the  fir  ft  year;  and  then  gradually  becomes  ab- 
forbed,  or  fo  impregnated  with  ligneous  particles,  as  not  to  be  diftin- 
guifhed  from  the  furrounding  wood.  The  pith  of  a young  bud  fo 
refembles  the  brain  and  fpinal  marrow  of  animals  in  refpeCt  to  its 
central  fituation,  that  it  probably  gives  out  nerves  to  every  living 
fibre  of  the  bud  ; though  thefe  have  yet  efcaped  our  eyes  and  glades; 
and  thus  furnilhes  the  power  of  motion,  as  well  as  of  fenfation,  to 
the  various  parts  of  the  vegetable  fyftem.  One  curious  faCt,  which 
I have  obferved,  feems  to  countenance  this  conjecture  ; which  is, 
that  the  pith  of  a laft  year’s  twig  communicates  to  the  leaves  on  each 
fide  of  it,  but  not  to  the  new  buds  in  the  bofoms  of  thofe  leaves  ; be- 
caufe  thofe  new  buds  are  each  an  individual  being,  generated  by  the 
caudex  of  the  leaf,  and  mult  therefore  poflefs  a fenforium  of  its  own. 
See  SeCt.  I.  8.  and  IX.  2.  4. 

The  pith  of  trees  contains  much  mucilage,  as  well  as  the  {talks 
of  annual  and  perennial  plants,  whether  they  are  hollow  or  not ; the 
pith  of  a palm-tree,  cycas  circinalis,  is  foftened  with  water,  and 
pafled  through  fieves,  and  thus  forms  the  fagoe  of  our  {hops;  it  is 
poflible  the  large  pith  of  the  {talks  of  artichokes,  cinara  fcolymus, 
might  be  manufactured  into  a fimilar  kind  of  taftelefs  mucilage  ; and 
the  pith  of  the  young  fhoots  of  elder,  fambucus  nigra,  might  alfo 
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pofiibly  be  made  into  taftelefs  mucilage,  if  previoufly  agitated  in  cold 
water  to  wafh  away  any  acrid  material,  as  in  the  preparation  of 
flare h. 

14.  When  we  contemplate  the  manner  of  the  production  of  the 
internal  wood  of  trees  from  the  induration  of  the  fap-wood,  and  the 
annual  increafe  of  the  fap-wood  from  the  bark,  which  was  previoufly 
generated  by  the  caudexes  of  the  numerous  buds ; there  would  ap- 
pear to  be  no  natural  boundary  to  the  growth  of  trees.  But  that 
their  trunks,  though  a mile  dillant  from  each  other,  might  be  en- 
larged, till  they  meet  together,  and  cover  the  whole  earth  with  lig- 
neous mountains,  conflruCled  by  fuccefliive  generations  of  vegetable 
buds  ; as  fome  parts  of  the  ocean  are  crowded  with  calcareous  rocks, 
fabricated  by  the  fucceffive  generations  of  coralline  infedls  ! 

A very  large  tree  is  deferibed  by  Mr.  Adanfon  in  Africa,  which  is 
called  by  Linneus  Adanfonia,  in  honour  of  that  philofopher  ; of 
which  he  fays  the  diameter  of  the  trunk  frequently  exceeds  twenty- 
five  feet,  and  the  horizontal  branches  are  from  forty-five  to  fifty-five 
feet  long,  and  fo  large,  that  each  branch  is  equal  to  the  largefl  tree 
in  Europe.  The  breadth  of  the  top  is  from  120  to  150  feet;  and 
one  of  the  roots  bared  only  in  part  by  the  wafhing  away  of  the  earth 
by  the  river,  near  which  it  grew,  meafured  110  feet  long,  and  yet 
thefe  flupendous  trees  do  not  exceed  70  feet  in  height.  Voyage  to 
Senegal. 

And  in  this  country,  when  the  internal  wood  is  gradually  detach- 
ed from  the  alburnum,  as  it  decays,  as  in  fome  old  hollow  oaks  and 
willows,  fo  that  it  does  not  deflroy  the  tree  by  the  putrid  matter 
being  abforbed,  there  feems  to  be  no  termination  of  the  growth  of 
the  external  remains  of  the  tree,  till  the  wind  blows  it  down  from  its 
want  of  folid  wood  to  fupport  it.  Of  this  kind  of  hollow  tree  a re- 
markable inflance  remains  in  Welbeck  Park  in  Nottinghamshire, 
through  the  middle  of  which  a coach  is  faid  to  have  been  driven.  There 
is  another  oak  of  uncommon  dimenfions  in  the  foreft  of  Needwood, 
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called  Swilcar  oak,  celebrated  in  an  unpublifhed  poem  by  Mr.Mundy, 
on  his  leaving  that  foreft,  and  is  there  faid  to  be  600  years  old. 

» But  the  caudexes  of  buds,  which  compofe  the  barks  and  afterwards 
the  timber  of  trees,  differ  from  the  nefls  or  cells  of  the  coralline  in- 
fers, which  compofe  their  calcareous  rocks  beneath  the  waves,  in 
this  circumftance.  The  cells  of  the  coralline  infedts,  like  the  fhells 
of  other  fea-animals,  become  harder  by  time,  changing  by  (low  de- 
grees the  phofphoric  acid,  which  they  contain,  for  carbonic  acid  ; and 
fome  of  them  afterwards  for  filiceous  acid,  and  are  thus  converted 
into  limeftone  and  flint,  and  remain  eternal  monuments  of  departed 
animal  life. 

Whilfl:  the  remaining  vafcular  fyftem,  after  the  death  of  vegeta- 
ble buds,  like  the  flefh  of  animals,  undergoes  in  procefs  of  time  a 
chemical  decompofition,  and  lofes  by  fermentation  and  putrefa&ion 
both  their  carbonic  and  phofphoric  acids,  which  probably  gave  them 
their  folidity,  and  crumble  into  duft  ; which  is  feen  in  the  rotten 
trunks  of  trees,  which  lofe  fo  much  of  their  carbon  as  they  decay; 
and  alfo  become  luminous,  when  expofed  to  the  air  by  the  efcape  or 
produ&ion  of  phofphoric  acid.  And  finally,  their  other  component 
parts  are  feparated  by  elutriation,  and  form  morafies  ; whence  coals, 
iron,  clay,  and  fandftone  ; all  which  are  found  on  the  lime-rocks, 
which  were  previoufly  generated  in  the  ocean,  and  remain  eternal 
monuments  of  departed  vegetablejife.  Whence  it  appears,  that  a 
boundary  is  fet  to  the  fize  of  trees  by  their  internal  decay,  but  none 
to  the  growth  of  coral- rocks,  which  are  fo  formidable  in  the  navi- 
gation of  the  fouthern  ocean. 

1 5 . Quejlion  on  the  cultivation  of  Timber. 

The  political  advantage  or  difadvantage  of  cultivating  timber  in 
this  ifland  fhould  be  here  confidered.  In  the  prefent  infane  ftate  of 
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human  fociety,  when  war  and  its  preparations  employ  the  ingenuity 
and  labour  of  almoft  all  nations  ; and  mankind  deftroy  or  enflave 
each  other  with  as  little  mercy,  as  they  deftroy  and  enflave  the  be- 
ftial  world  ; and  may  in  time,  for  what  appears  to  the  contrary,  re- 
turn to  their  favage  ftate,  and  begin  to  eat  each  other  again,  as 
feems  to  have  occurred  at  or  before  the  commencement  of  almoft  all 
civil  focieties;  the  firft  political  attention  fhould  certainly  in  this  pe- 
riod of  human  infatuation  be  employed  to  {Lengthen  the  country, 
to  enable  it  to  repel  the  invafion  of  foreign  enemies,  and  to  defend 
its  natural  rights,  when  they  are  infringed  by  them  ; but  not  to 
attack  or  invade  other  nations  for  any  predatory  or  ambitious  pur- 
pofe.  The  next  important  thing  fhould  be  for  this  nation  to  fet  a 
great  example  of  juftice  and  humanity  to  all  contending  nations,  and 
thence  again  to  introduce  truth  and  virtue  into  the  world  with  peace 
and  happinefs  in  their  train. 

Now  as  the  power  to  reflft  invafion,  and  to  defend  our  natural 
rights,  when  infringed  by  foreign  enemies,  muft  depend  more 
on  the  number  of  men  than  on  the  number  of  trees  ; there  need  be 
no  hefitation  in  determining,  that  thofe  lands,  which  can  be  employ* 
ed  in  the  prefent  produdlion  of  vegetable  or  animal  food,  fhould  not 
be  occupied  in  the  tedious  cultivation  of  future  timber. 

But  that,  as  the  fummits  of  this  country  confift  principally  of  a 
ridge  of  mountains  extending  from  fouth  to  north  between  the  eaft- 
ern  and  weftern  feas,  as  thofe  of  the  Peak  of  Derbyftiire  and  the 
Moorlands  of  StafFordfhire,  which  are  fo  bleak  or  fo  barren  as  to  be 
totally  unfit  for  the  plough  or  for  paftur-age,  and  yet  might  be  em- 
ployed for  railing  variety  of  timbers;  which  from  our  great  fuccefles 
in  naval  engagements  may  be  termed  with  great  propriety,  when 
employed  in  building  {hips,  the  wooden  walls  of  this  ifland  : All 
thofe  unfertile  mountains  from  the  extremity  of  Cornwall  to  the  ex- 
tremity of  Scotland,  fhould  be  covered  with  extenfive  forefts  of 
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fuch  kinds  of  wood,  as  experience  has  (hewn  them  to  be  capa- 
ble to  fuftain,  and  which  may  be  bed  adapted  to  the  conftrudtion  of 
fhips. 

16.  The  following  addrefs  to  Swilcar  oak  in  Needwood  foreft, 
a ver/  tall  tree,  which  meafures  thirteen  yards  round  at  its  bafe, 
and  eleven  yards  round  at  four  feet  from  the  ground,  and  is  be- 
lieved to  be  fix  hundred  years  old,  was  written  at  the  end  of  Mr. 
Mundy’s  poem  on  leaving  that  fored,  and  may  amufe  the  weary 
reader,  aud  conclude  this  Section. 

- » ; 

ADDRESS  TO  SWILCAR  OAK. 

Gigantic  Oak  ! whofe  wrinkled  form  hath  flood. 

Age  after  age,  the  Patriarch  of  the  wood  ! — 

Thou,  who  haft  feen  a thoufand  fprings  unfold 
Their  ravel’d  buds,  and  dip  their  flowers  in  gold; 

Ten  thoufand  times  yon  moon  relight  her  horn. 

And  that  bright  ftar  of  evening  gild  the  morn ! — 
m Erft,  when  the  Druid-bards  with  filver  hair 

Pour’d  round  thy  trunk  the  melody  of  prayer; 

When  chiefs  and  heroes  join’d  the  kneeling  throng, 

And  choral  virgins  trill’d  the  adoring  fong ; 

While  harps  refponfive  rung  amid  the  glade, 

And  holy  echoes  thrill’d  thy  vaulted  lhade ; 

Say,  did  fuch  dulcet  notes  arreft  thy  gales. 

As  Mundy  pours  along  the  liflening  vales? 

Gigantic  Oak  ! — thy  hoary  head  fublime 
Erewhile  muft  perifh  in  the  wrecks  of  time ; 

Should  round  thy  brow  innocuous  lightnings  fhoot. 

And  to  fierce  whirlwinds  fhake  thy  fteadfaft  root; 

Yet  fhalt  Thou  fall ! — thy  leafy  trefles  fade. 

And  thofe  bare  lhatter’d  antlers  drew  the  glade; 
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Arm  after  arm  fhall  leave  the  mouldering  bull. 
And  thy  firm  fibres  crumble  into  duft  ! — 

But  Mundy’s  verfe  fhall  confecrate  thy  name, 
And  rifing  forefts  envy  Swilcar’s  fame; 

Green  fhall  thy  gems  expand,  thy  branches  play. 
And  bloom  for  ever  in  the  immortal  lay.  . 
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SECT.  XIX. 

PRODUCTION  OF  FLOWERS. 

I.  Flowers  from  feeds,  i.  Double  flowers  from  feeds,.  Hereditary  difeafes  in 
plants.  Full  flowers  have  no  ftamina,  Three  kinds  of  double  columbine.  Vege- 
table monfters  analogous  to  animal  mules.  The  ft  amen,  piftil,  and  calyx , are  the 
moft  unchangeable  parts.  Double  flowers  diflinguifhed  by  the  calyx , are  much 
more  durable  than  flngle  ones.  Double  poppies  yield  more  opium.  Annual  infeEIs .. 
2.  The  colours  of  flngle  flowers  from  feed  how  varied.  Variegation  of  foliage. 
Vegetable  juices  are  hyper- oxygenated.  This  fluid  oxygen  is  converted  into  gas  by 

the  fun’s  light ; which  therefore  colours  living  vegetables,  and  bleaches  dead  ones. 
II.  i.  Flowers  from  buds.  Double  ones  how  caufed.  Surround  the  bud  with 
water.  Oil and  conferve  of  rofes.  Their  double  flowers.  Acquired  habits. 

2.  How  to  vary  the  colour  of  flngle  Jhrub -flowers,  by  anther-duft , by  inocula- 
tion. Trees  how  variegated  by  ingraftment , or  made  into  evergreens.  3.  How 
to  increafe  the  number  of  flowers.  III.  1.  Flowers  from  roots.  Bulb-rooted 
flowers.  To  cavfe  their  duplicature,  break  off  the  flower,  raife  them  out  of  the 
ground.  2.  Single  bulb-rooted  flowers.  To  increafe  them  in  fixe  or  number , 
take  away  offsets,  crowd  their  roots.  Propagation  by  offsets.  By  feeds.  How 
broken  into  colours.  Plant  them  in  different  foils.  Tulips  break  into  colours  from 
age.  3.  Perennial  branching  roots . Duplicature  of  their  flowers , propa- 
gated by  offsets,  by  feeds.  Their  flngle  flowers.  How  broken  into  colours.  By 
feeds , by  tranfplanting.  IV.  Efculent  and  medicinal  flowers.  Vegetable  mu- 
cilage coagulated  by  boiling  in  water,  in  fleam.  They  lofe  their  green  colour  in 
fleam.  Why?  Artichoke-ftalks.  2.  Cultivation  of  brccoli.  Knobs  on  its  roots. 

3.  Hop.  Camomile.  Iheir  duplicature.  V.  Flowers  ufed  in  the  arts.  For 

dying,  ornotto.  For  f pinning,  cotton,  cotton-rujb , cat' s-tail.  VI.  Nutritious 

parts  of  vegetables.  1.  Mujhrooms.  Gluten  of  Wheat.  Oils.  2.  Sugar. 
Mucilage.  Oil.  3.  Starch.  Meal.  4.  Alburnum.  Barks.  Roots  of  fern 
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and  of  bryony.  5.  Immature  flowers.  Honey.-  Leaf-Jlalks.  Leaves.  Re- 
fervoirs  of  nutriment.  VII.  Happinefs  of  organized  nature.  1.  Seeds  and 
fggs  have  not  Jenfitive  life.  Milk  gives  two -fold  pleafure.  Dull  animals  and 
difeafed  vegetables  perijh,  and  give  life  to  more  fenfible  ones.  Old  age  unknown 
before  fociety.  Mifery  is  not  immortal.  1.  Animal  abforption  and  Jecretion  is 
attended  with  agreeable  Jenfalion.  Renders  matter  more  folid.  The  fame  in  ve- 
getables. 3.  Strata  of  limeft one  formed  from  animal  f sells.  Thofe  of  coal , clay, 

Jandy  from  vegetable  fecretions , gave  pleafure  at  the  time  of  their  production ; and 
are  monuments  of  p aft  felicity , and  of  the  benevolence  of  the  Deity.  VIII.  Cul- 
tivation of  brocoli,  a poem. 


The  beautiful  colours  of  the  petals  of  flowers  with  their  polifhed 
furfaces  are  fcarcely  rivalled  by  thofe  of  (hells,  of  feathers,  or  of 
precious  ftones.  Many  of  thefe  tranfient  beauties,  which  give  l'uch 
brilliancy  to  our  gardens,  delight  at  the  fame  time  the  fenfe  of  fmell 
with  their  odours  ; yet  have  they  not  been  extenfively  ufed  as  ar- 
ticles either  of  diet,  medicine,  or  the  arts.  For  the  purpofe  of  cul- 
tivation they  may  be  divided  into  thofe  immediately  derived  from 
feeds,  thofe  from  buds,  and  thofe  from  roots  ; to  which  may  be 
added  the  efculent  and  medicinal  ones,  and  thofe  ufed  in  the  arts. 

1.  Flowers  from  Seeds. 

1.  The  eye  of  the  florid:  is  frequently  delighted  with  double 
flowers,  which  (hew  a greater  blaze  of  colour  in  a fmall  fpace,  and 
continue  fome  weeks  longer  in  blow  than  (ingle  ones  ; and,  though 
they  are  properly  called  vegetable  monfters  by  the  botanifts,  may 
give  information  to  the  philofopher  in  refpeft  to  the  fexual  genera- 
tion of  vegetables.  The  method  therefore  of  producing  double 
flowers  from  feeds  is  a matter  of  importance,  as  well  as  the  art  of 
giving  to  both  thefe  and  the  (ingle  flowers  their  mod  healthy  ex- 
panfion,  and  the  greateft  brilliancy  and  variety  of  their  colours. 
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Though  thofe  multiplied  flowers,  which  are  faid  to  be  full,  pof- 
fefs  no  flamens,  or  piftils,  and  confequently  can  produce  no  feeds 
yet  are  they  frequently  raifed  immediately  from  feeds  ; for  thofe 
flowers,  which  are  cultivated  with  more  manure,  moifture,  and 
warmth,  than  is  natural,  become  more  vigorous  and  larger,  and  at 
the  fame  time  are  liable  to  Ihew  a tendency  to  become  double,  by 
having  one  or  two  fupernumerary  petals  in  each  flower,  as  the  flock 
July-flower,  cheiranthus,  and  anemone.  And  what  is  truly  curi- 
ous, this  tendency  to  duplicature  is  communicated  to  the  feeds  of 
thofe  individual  blofl'oms ; infomuch  that  florifts  are  diredled  to  tie  a 
thread  round  fuch  flowers,  which  have -a  fupernumerary  petal,  to 
mark  them,  and  to  colledl  their  feeds  feparately;  which  are  faid  uni- 
formly to  produce  double  or  full  flowers,  if  cultivated  as  above  with 
rather  more  manure,  moifture,  and  warmth,  than  thofe  plants  have 
naturally  been  accuftomed  to. 

The  analogy  of  this  circumftance  with  the  hereditary  difeafes  of 
animals  is  truly  wonderful ; as  the  children  of  thofe  parents,  who 
have  acquired  the  gout  or  dropfy  by  intemperance  in  the  ufe  of  fer- 
mented or  fpirituous  potations,  become  afflicted  with  thofe  difeafes, 
as  I have  frequently  obferved,  in  a much  greater  degree  by  the  fame 
quantity  of  intemperance,  which  originally  produced  them  in  their 
parents ; or  they  acquire  the  fame  quantity  of  thofe  difeafes  by  a lefs 
degree  of  intemperance,  than  occafions  them  in  others,  whole  parents 
have  not  ufed  fermented  or  fpirituous  liquors  to  excefs. 

The  luxuriance  of  flowers,  which  is  believed  to  arife  from  their 
cultivation  in  more  nutritive  foils  with  greater  moifture  and 
warmth,  confifts  in  the  increafe  of  fome  parts  of  the  flower,  and 
the  confequent  exclufion  of  others;  and  is  diftinguifhed  by  Linnaeus 
into  the  multiplication  and  plenitude  of  flowers,  and  into  proliferous 
ones.  Multiplied  flowers  confift  of  double,  triple,  or  quadruple  co- 
rols  ; but  full  flowers  are  fo  multiplied  as  to  exclude  the  ftamina  ; 
while  in  proliferous  ones  other  flowers  arife  from  within  the 

principal 


Sect.  XIX.  i.  i. 


OF  FLOWERS. 


principal  flower,  and  frequently  from  its  center.  Philof.  Botan. 

p.  80. 

It  is  fuppofed  that  the  ftamina  of  fome  double  flowers  are  con- 
verted into  petals ; but  on  examination,  I fufped  that  the  number 
of  petals  is  increafed,  and  the  ftamina  prevented  from  growing  by 
being  comprefled  by  them  in  their  nafcent  Rate  ; as  in  many  of 
them,  I believe,  the  rudiments  of  fome  ftamina  may  be  feen,  as  in 
ranunculus.  So  when  a new  flower  riles  in  the  center  of  the  old 
one,  it  is  fuppofed,  that  the  piftillum  is  converted  into  the  ftem  of  a 
new  flower,  as  in  proliferous  daify,  bellis  prolifera  ; but  I fufped, 
that  the  piftillum  is  prevented  from  rifing  by  the  immoderate  growth 
of  the  new  flower- ftem  ; as  in  fome  of  them,  I am  told,  the  rudU 
ment  of  the  piftillum  may  be  perceived. 

Thus  monopetalous  flowers  are  doubled  or  multiplied  by  the  in- 
creafed divilions  of  the  limb,  as  obferved  by  Linnaeus,  Philof.  Botan. 
p.  83,  who  adds,  that  the  metamorphofis  of  Englilh  foapwort  is  very 
Angular,  as  its  five  petals  are  transformed  into  one  petal,  and  that  in 
opulus  flore  globofo  the  central  florets  become  fimilar  to  thofe  of  the 
circumference,  acquiring  wheeled  corols,  and  being  barren  : in 
thefe  cafes  the  ftamens  cannot  be  changed  into  corols,  as  the  num- 
ber of  corols  is  not  increafed.  Afterwards,  in  p.  84,  the  fame  il- 
luftrious  author  obferves,  that  in  double  lychnis  the  rudiment  of  the 
common  piftil  is  prefent. 

The  luxuriance  of  flowers  therefore  confifls  in  the  multiplica- 
tion of  the  corols  or  nectaries,  w hich  laft  are  properly  an  appendage 
to  the  former  ; and  the  prevention  of  ‘the  growth  of  the  male  and 
female  organs  is  the  confequence.  Thus  the  flower  of  aquilegia, 
columbine,  has  three  kinds  of  plenitude  : 1.  the  petals  become  mul- 
tiplied, and  the  nedaries  excluded  ; 2.  the  nedaries  are  multiplied, 
and  the  petals  excluded  ; 3.  the  nedaries  are  multiplied,  the  petals 
remaining.  So  that  there  are  five  petals,  and  between  each  of  thefe 
three  nedaries,  which  exift  within  each  other. 
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A curious  analogy  here  alfo  exifts  between  thefe  vegetable 
monfters  and  thofe  of  the  animal  world  ; as  a duplicature  of  limbs 
frequently  attends  the  latter,  as  chickens  and  turkeys  with  four  legs 
and  four  wings,  and  calves  with  two  heads.  And  in  mules  the 
parts  fubfervient  to  generation  become  deficient,  whence  they  can- 
not propagate  their  fpecies ; exactly  as  in  thefe  full  flowers,  which 
can  thence  produce  no  teed.  And  in  refpedt  to  botanic  fyflems,  it 
may  be  obferved  from  thele  vegetables  of  luxuriant  growths,  that 
the  flamens  and  piftils  are  lefs  liable  to  change  than  the  corols  and 
nectaries,  and  are  therefore  more  proper  parts  for  the  clarification  of 
plants  ; on  which  idea  Linnaeus  has  conftrudled  his  unrivalled 
fyftem.  And  laftly  that  the  calyx,  or  perianth,  is  the  next  mod 
unchangeable  part  of  the  flower,  as  this  is  feldom  doubled  or  multi- 
plied ; and  that  hence  by  infpedting  the  calyx  the  genera  of  many 
double  flowers  may  be  detected  ; thus  the  double  ranunculus  polfefTes 
a calyx,  but  the  double  anemone  is  without  one,  like  the  Angle  ones 
of  thofe  genera. 

The  greater  duration  of  double  flowers  than  (ingle  ones  is  fo  re- 
markable in  fome  poppies,  that  their  (ingle  flowers  lofe  the  corolla 
in  a few  hours,  while  in  the  double  ones  it  continues  feveral  days : 
this  circumftance  is  well  worthy  the  attention  of  thofe,  who  cultivate 
poppies  for  the  purpofe  of  wounding  the  head,  which  inclofes  the 
feeds,  for  the  opium,  which  thus  exfudes.  As  poppies  with  double 
flowers  may  probably  be  capable  of  yielding  opium,  before  they  (hed 
their  flowers,  and  as  long  as  other  poppies,  after  they  (hed  them. 
Dr.  Smith  afcribes  this  event  to  the  organs  of  reproduction  being 
obliterated,  and  the  confequent  want  of  impregnation  ; by  the  great 
ftimulus  of  which  he  thinks  the  vegetable  irritability  may  be  fooner 
cxhaufted  in  (ingle  flowers:  and  adds,  “ that  on  the  fame  account 
many  plants  refill:  a greater  degree  of  cold  for  feveral  winters  before 
flowering ; but  after  that  event  they  peri(h  at  the  firfl:  approach  of 
cold,  and  can  by  no  art  be  preferved  fo  as  to  furvive  the  winter.” 
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And  repeats  an  obfervation  from  Linnaeus,  that  the  piflilla  of  the 
female  hemp,  cannabis,  continued  much  longer  to  ex  id:  when  not 
expofed  to  the  male  pollen,  than  thofe  piftiila  on  which  the  pollen 
had  been  effufed.  Trails  on  Nat.  Hid  p„  177. 

It  may  be  obferved,  that  many  infeCts  may  be  called  annual  ones 
as  well  as  many  vegetables,  and  die,  as  foon  as  they  have  provided  the 
eggs  or  feeds  for  the  reproduction  of  their  fpecies,  as  the  filkworm, 
and,  I fuppofe,  all  the  kinds  of  moths  and  butterflies ; many  of 
which  take  no  food  at  all,  after  they  have  acquired  their  organs  of 
generation  and  their  amatorial  paflion,  and  yet  appear  fat  and  aCtive ; 
and  others  live  only  upon  honey,  and  feem  to  die  as  foon  as  that 
paffion  is  gratified,  probably  from  having  no  further  pleafureable  fti- 
mulus  to  excite  the  animal  power  into  activity,  rather  than  from  its 
total  exhauftion  ; becaufe  other  animals,  whofe  exiffence  is  not  na- 
turally fo  (hort,  are  not  injured  or  deftroyed  by  the  moderate  ufe  of 
the  powers  of  reproduction;  and  that  power  leaves  them  long  before 
their  death.  An  experiment  to  fhew,  whether  the  moths  of  filk- 
worms  would  live  longer  if  deprived  of  their  paramours,  might  be 
worth  the  attention  of  naturalifts  ; and  alfo,  whether  the  butterflies 
of  our  climate  might  not  be  preferved  during  the  winter,  if  fed  with 
honey  like  bees,  and  kept  from  exceflive  cold.  I directed  fome  honey 
to  be  offered  to  the  filkworm-butterflies,  which  they  would  not 
attend  to,  though  they  may  probably  feek  for  it  in  their  native 
climates. 

2.  Varieties  in  the  colours  of  Angle  flowers  raifed  from  feeds 
may  probably  be  generally  acquired  by  fowing  near  together  thofe 
of  the  fame  fpecies,  which  already  poffefs  different  colours  ; fo  that 
during  the  difperfion  of  their  anther-duft  by  the  w'ind,  or  otherwife, 
they  may  intermix  and  adulterate  each  other.  Or  this  may  be  more 
certainly  effected  by  bending  the  flowers  of  one  colour,  and  fhaking 
the  anther-dufl:  over  thofe  of  another  colour.  In  this  manner,  I 
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fuppofe,  it  happens,  that  the  beds  of  centaurea  cyanus  become  of 
fiich  various  and  beautiful  lhades  of  blues,  purples,  and  whites. 

Another  method  of  giving  variety  of  colours  to  feedltng  flowers 
confifts  in  flowing  them  on  natural  Coils,  or  on  factitious  comports, 
which  differ  much  from  each  other  in  rel'peCt  to  vegetable  nu- 
triment, and  perhaps  in  reflpedt  to  their  colour,  as  fome  ani- 
mals change  their  natural  colours  when  in  different  fituations  of 
foil.  As  frogs  much  reflemble  the  colour  of  the  foil  on  which 
they  live,  and  our  domefticated  horfles,  dogs,  cats,  rabbits,  pigeons, 
and  poultry,  change  their  colours  into  endlefls  varieties,  owing  to 
the  difference  of  their  nutriment  or  fituation.  But  obfertfations  and 
experiments  are  wanting  on  this  flubjed  in  reflpeCl  to  the  colours  of 
feedling  flowers,  as  well  as  in  reflpecl  to  the  variegation  of  the  leaves 
of  fhrubs  and  trees  ; which  laft  originates  probably  from  foil  or  fitua- 
tion, and  may  be  propagated  by  ingrafting. 

As  the  origin  of  double  flowers  is  believed  to  reflult  from  the  lux- 
uriant growth  of  the  plant,  owing  to  too  much  nourifhment,  moifl- 
ture,  and  warmth,  flo  the  origin  of  new  colours  in  flowers,  and  of 
variegated  foliage,  is  thought  to  occur  from  the  innutrition  of  the 
foil,  on  which  they  grow,  compared  to  that  which  they  have  na- 
turally been  acculfomed  to,  or  from  defedl  of  moifture  and  of  heat  ; 
which  is  countenanced  by  the  dwarfifh  fize  of  fluch  plants  in  general, 
and  eflpecially  by  the  leflened  ftature  of  tulips,  when  their  petals 
break  into  variety  of  colours. 

The  proximate  caufle  of  the  change  of  colours  in  flowers  or  foliage 
muff  be  fought  from  the  modern  acquifitions  of  aerial  chemirtry. 
The  prefence  of  oxygen  gas  deprives  dead  vegetable  fibres,  as  cotton- 
wool and  the  threads  of  -flax,  of  their  colour  ; that  is,  it  bleaches 
them  ; which  is  probably  owing  to  its  uniting  with  the  colouring 
matter  and  forming  a new  acid,  which  is  tranfparent.  Thus  the 
hyper-oxygenated  muriatic  acid  almoft  inftantaneoufly  deprives  cot- 
ton and  linen  of  their  colour ; and  the  fun’s  light  on  moiftened 
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linen  fpread  upon  the  ground  Teems  to  decompofe  the  water,  and 
the  oxygen  thus  detached  whitens  the  linen.  The  etiolation  or 
blanching  of  living  vegetables  on  the  contrary  Teems  to  originate 
from  the  want  of  the  Tun’s  light  to  convert  into  gas  the  fluid  oxy- 
gen ; which,  by  diffolving  their  colouring  matter,  and  forming 
new  and  perhaps  taflelefs  acids,  deprives  them  of  colour.  Hence 
the  water,  which  vegetables  perfpire  in  the  funfhine,  becomes  hyper- 
oxygenated,  which  has  much  puzzled  philofophers  to  account  for; 
and  the  oxygen  rifes  from  it  without  decompoflng  it  ; which  laft 
circumftance  is  evinced  by  the  total  abfence  of  the  fmell  of  hydro- 
gen, which  To  powerfully  affects  our  noftrils,  when  a fpoonful  of 
water  is  thrown  on  burning  coals. 

Now  as  plants,  which  grow  lefs  vigoroufly  from  defedt  of  nutri- 
ment, moifture,  air,  or  w'armth,  may  acquire  or  polTefs  lefs  oxygen 
to  diflolve  their  colouring  matter,  their  ftrudture  may  approach  to- 
wards that  of  dead  vegetables  ; and  hence  they  may  become  bleached 
inftead  of  coloured  by  the  influence  of  the  Tun’s  light,  efpecially  in 
thofe  parts  where  their  vital  fundtions  are  performed  with  lefs  vi- 
gour ; To  an  etiolated  vegetable,  as  a blanched  plant  of  celery,  apium 
graveolens,  becomes  green  in  a few  days,  w'hen  expofed  to  the  light 
and  air ; and  white  again,  if  deprived  of  life,  and  expofed  to  the 
funfhine  and  dews. 

The  immediate  caufe  of  the  various  colours  of  Tome  flowers,  as  of 
poppies,  might  be  a fubjedt  of  curious  inveftigation.  I once  fup- 
pofed,  that  the  thinnefs  of  the  pellicle  of  Tome  flowers  might  occa- 
fion  them  to  refledt  different  colours,  as-  is  Teen  on  dropping  a drop 
of  oil  from  a bridge  on  the  water  below  on  a bright  day.  But  co- 
lours thus  produced  vary  with  the  fituation  of  the  obferver,  in  refpedt 
to  the  obliquity  or  angle  of  refledtion,  in  which  they  are  Teen  ; and 
are  thence  variable  with  every  motion  of  them,  as  thofe  colours  Teen 
on  foap-bubbles,  and  on  mother-pearl,  and  on  the  Labradore-flone, 
and  on  Tome  filks.  For  thofe  colours  depend  on  the  thinnefs  of  the 


refledtin 


a 


PRODUCTION  Sect.  XIX.  2.  1 , 


533 

reflecting  furface,  which  when  feen  more  obliquely  become  thicker; 
and  then  refle&s  thofe  colours,  which  paffed  through  thinner  plates; 
in  the  fame  manner  as  the  red  light  of  the  fetting  fun  is  reflected 
from  glafs  windows,  feen  very  obliquely  by  the  obferver. 

The  colours  of  flowers  therefore,  as  they  are  not  variable  by  the 
obliquity,  with  which  they  are  feen,  like  thofe  of  mother-pearl  card- 
flfh,  do  not  depend  on  the  thinnefs  of  their  pellicle  ; but,  I luppofe, 
to  the  greater  facility  that  fome  parts  of  them  poflefs  in  parting  with 
their  oxygen,  when  expofed  to  the  fun’s  light,  than  other  parts  of 
them  ; for  all  flowers  are  more  or  lefs  etiolated,  before  they  firfb 
open.  In  the  filk  manufactory  a variable  colour  is  produced  by 
making  the  warp  of  one  colour  and  the  woof  of  another  ; perhaps 
the  variable  colour  of  a peacock’s  tail  may  be  owing  to  a mixture  of 
different  coloured  down  placed  in  lines  near  each  other. 


II.  Flowers  from  Buds. 

1.  The  flowers  arifing  from  the  buds  of  fhrubs  or  trees  are  liable 
to  become  double  or  full  by  the  multiplication  of  their  petals,  as 
thofe  of  rofes,  cherries,  hawthorn,  peach,  rofa,  primus,  cerafus,  cra- 
tegus  oxyacantha,  amygdalus  perfica.  Which  tendency  to  duplica- 
ture,  as  in  the  flowers  of  annual  plants,  is  probably  owing  to  the 
too  vigorous  growth  of  the  bud  from  a too  nutritious  foil,  or  the 
combination  of  abundant  moifture  and  warmth,  and  would  probably 
be  forwarded  by  furrounding  the  bud  itfelf  frequently  with  water  ; 
as  is  fo  beautifully  feen  in  thofe  plants,  which  have  a cup  round 
their  joints  to  preferve  for  a time  the  rain,  which  falls  upon  them, 
as  round  the  joints  of  dypfacus,  teafel,  filphium,  tillandfia,  and  ne- 
penthes. 

It  is  remarkable,  that  though  the  duplicature  of  many  flowers  is 
believed  to  have  been  owing  to  the  more  nutritious  foil,  in  which 

they 


Sect.  XIX.  2.  2. 


OF  FLOWERS. 


539 


they  have  been  cultivated,  yet  that,  when  tranfplanted  into  lefs  fer- 
tile foils,  or  ingrafted  on  lefs  luxuriant  trees,  they  ftill  retain  their 
tendency  to  duplicature ; which  can  only  be  afcribed  to  the  continu- 
ance of  an  acquired  habit,  or  to  the  fucceflion  of  hereditary  difeafes, 
fo  frequently  obferved  in  the  animal  fyftem. 

This  duplicature  of  flowers  from  buds  is  generally  propagated  by 
ingrafting  the  fcions  of  fuch,  as  bear  multiplied  petals,  on  flmilar 
plants,  which  bear  Angle  flowers  ; and  may  be  of  fervice  not  only  for 
beauty,  but  for  the  purpofe  of  increafe  in  thofe  plants,  the  petals  of 
whofe  flowers  are  confumed  for  any  purpofe,  as  the  leaves  of  rofes. 
A gentleman  at  Nottingham  annually  diflils  a profitable  quantity 
of  eflential  oil  of  rofes,  by  collecting  all  of  them  he  can  purchafe  in 
the  neighbourhood  during  the  feafon ; and  this  by  the  ufual  procefs, 
which  is  not  difficult  though  tedious.  And  a furgeon  at  Stafford 
has  introduced  an  agreeable  and  profitable  kind  of  agriculture,  by 
planting  half  an  acre  of  ground  with  red  rofes,  and  converting  the 
flowers  into  conferve  with  fugar,  or  by  Amply  drying  them  for  the 
London  market. 

2.  It  is  probable,  that  numerous  varieties  of  colour  in  the  Angle 
flowers  of  ffirubs,  as  well  as  thofe  of  annual  plants,  might  be  ob- 
tained by  fhaking  the  anther-duft  of  one  variety  over  the  ffigma  of 
another,  where  any  difference  of  colour  already  exifts  in  the  fame 
fpecies.  Auf  perhaps  fome  changes  of  colour  of  the  flowers  might 
be  produced  by  inoculating  the  buds  of  a fhrub,  whofe  flowers  are  of 
one  colour,,  into  the  branches  of  another  variety  of  the  fame  fpecies 
or  genus;  as  the  variegation  of  the  foliage  of  plants  is  faid  to  have 
been  produced  in  this  manner,  according  to  the  affertions  of  Air. 
Bradley  and  Mr.  Laurence,  who  budded  a fpotted  pafflon-flower  and 
a ftriped  jafmine  on  thofe,  which  were  not  variegated,  and  produced 
a flmilar  variegation  of  them,  as  related  in  SeCt.  V.  1.  This  has  been 
afcribed  to  the  abforption  of  fome  infeflious  matter  from  the  inocu- 
lated bud,  which  propagated  a flmilar  difeafe  to  the  whole  tree;  and 
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has  thence  been  ufed  as  an  argument  in  favour  of  a vegetable  circu- 
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lation  of  juices. 

A fimilar  fail  is  alfo  afferted  by  Mr.  Milne.  He  fays,  that  “ an 
evergreen  tree  ingrafted  on  a deciduous  one  determines  the  latter  to 
retain  its  leaves  ; this  obfervation  is  confirmed  by  repeated  experi- 
ments, particularly  by  grafting  the  laurel,  laurocerafus,  an  ever- 
green, on  the  common  cherry,  cerafus  ; or  the  ilex,  an  evergreen 
oak,  on  the  common  oak.”  Botanical  Diet.  Art.  Defoliatio.  All 
thefe  feem  to  want  further  experiments  to  authenticate  the  faCts  fo 
delivered  on  the  authority  of  ingenious  men. 

3.  To  increafe  the  number  of  the  flowers  of  fhrubs,  all  thofe  arts 
are  applicable,  which  are  deferibed  in  SeCt.  XV.  2.  for  the  production 
of  fruit  on  wall  trees ; which,  when  the  tree  is  of  a proper  age, 
confifl,  1.  in  bending  down  the  viviparous  branches  to  the  horizon, 
which  renders  them  oviparous  ; 2.  by  twilling  a wire,  or  tying  a 
cord  round  the  viviparous  branches ; 3.  by  wounding  or  cutting 
away  a narrow  cylinder  of  the  bark  ; 4.  by  tranfplanting  or  cutting 
off  fome  of  the  roots  ; 5.  by  cutting  away  the  central  or  viviparous 
branches  ; 6.  by  ingrafting. 


hi.  Flowers  from  Roots. 

1.  Many  bulb-rooted  flowers  are  defervedly  in  great  eftimation  by 
florifls,  as  the  tulip,  hyacinth,  lily,  colchicum,  crocus,  fritillarv,  &c. 
and  of  thofe  many  are  liable  to  become  double,  which  adds  in  gene- 
ral fo  much  to  their  fplendour  and  to  their  duration,  as  narciffus, 
hyacinth,  colchicum,  tulip. 

The  immediate  caufe  of  duplicature  or  multiplication  of  the  pe- 
tals of  thefe  flowers  is  probably  fimilar  to  that  of  thofe  above  men- 
tioned, and  originates  from  their  luxuriant  growth,  owing  to  the 
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fertility  of  the  foil,  and  the  abundance  of  moifture  and  of  warmth  in 
combination. 

Other  circumftances,  which  may  add  to  their  luxuriant  growth, 
may  alfo  contribute  to  their  duplicature  ; fuch  as  by  breaking  off 
the  flower  as  foon  as  it  begins  to  fade  ; and  thus,  by  preventing  the 
nutritious  vegetable  juices  from  being  expended  in  the  growth  of 
the  feeds,  more  of  it  may  be  derived  to  the  principal  fucceeding 
bulb. 

Thus  it  is  aflerted,  that  the  preventing  fome  annual  plants  from 
flowering  lengthens  their  lives,  which  it  may  effect  by  occafioning 
them  to  produce  new  root-fcions,  and  thus  to  become  perennial  ve- 
getables. The  very  ingenious  Mr.  Bogle,  in  the  papers  of  the  Bath 
Society,  believes  that  wheat,  oats,  and  barley,  may  be  made  peren- 
nials, if  they  are  eaten  down  by  cattle  or  fheep,  01  cut  by  the  fcythe 
or  fickle,  fo  as  to  prevent  them  from  producing  ears. 

As  tulip-bulbs  raifed  from  feed  produce  a larger  bulb  the  fucceed- 
ing year,  and  again  a larger  with  a different  leaf  on  the  third  year, 
and  fo  on  till  the  fifth  or  fixth,  the  bulbs  thus  annually  improving 
till  they  flower  ; and  even  after  they  flower  they  are  believed  to 
continue  to  improve  for  fome  years,  till  the  colour  of  the  petals  be- 
come ftriped  : I fufpett  that  the  art  of  procuring  a great  duplica- 
ture of  the  petals  of  thefe  flow'ers  confifts  in  breaking  off  the  fiower- 
flem  on  the  fifth,  fixth,  and  feventh  years,  from  the  flowing  of  the 
feed  ; that  is,  for  a year,  or  two,  or  three,  after  the  fiower-ftem 
firfl:  appears,  as  noted  in  Se£h  VIII.  1.  3.  And  that  the  tendency  to 
duplicature  will  continue  in  the  fucceeding  bulbs  by  the  acquired 
habit,  as  in  the  hereditary  difleafles  of  animals. 

And  flecondly,  thefe  flower-roots  become  more  luxuriant  by  raif- 
ing  them  out  of  the  ground,  as  foon  as  the  leaves  wither,  which  are 
the  parents  of  the  new  bulbs  ; and  then  by  taking  away  the  fmaller  or 
collateral  new  bulbs  from  the  principal  one,  which  might  otherwife 
incommode  its  growth  by  their  vicinity,  and  confequent  compref- 
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fion,  both  thefe  methods  are  of  equal  ufe  to  enlarge  and  render  more 
vigorous  the  fingle  flowers  of  bulb-roots,  as  well  as  to  increafe  their 
tendency  to  duplicature. 

2.  The  fingle  flowers  of  Tome  of  thefe  plants  may  be  probably  not 
only  enlarged,  but  fo  ffrengthened  as  to  ripen  their  feeds  in  this  cli- 
mate, by  nicely  laying  bare  the  root,  and  taking  from  it  the  new 
progeny;  whether  a fingle  new  bulb,  as  in  orchis  mafcula,  or  the 
numerous  ones  of  hyacinth,  tulip,  or  lily  of  .the  valley  ; as  by  thefe 
means  the  vegetable  nutriment  is  not  expended  on  the  new  bulbs, 
and  probably  more  of  it  may  thence  be  derived  to  the  flower.  See 
Se&.  XVII.  1.  3. 

Another  method  of  increafing  the  bulb-rooted  flowers  in  fize  or 
number  confifis  in  crowding  their  roots  in  garden-pots,  or  by  not 
annually  tranfplanting  them  ; and  thus  by  preventing  their  offsets 
from  being  formed,  or  by  decreafing  the  number  or  vigour  of  them  ; 
thus  lily  of  valley,  and  jonquil,  feldom  afford  large  or  numerous 
flowers,  till  they  have  remained  three  or  four  years  in  the  fame  fitua- 
tion  ; but  mufl  neverthelefs  be  then  occafionally  in  part  tranfplant- 
ed,  leaft  the  roots  fhould  die  from  being  fo  crowded  as  not  to  form 
oach  of  them  one  annual  new  bulb,  which  is  their  mode  of  reproduc- 
tion. 

The  ufual  method  of  propagating  bulbous  roots  has  been  by  t he 
fmaller  offsets,  which  are  formed  annually  round  the  principal  or 
central  new  bulb,  as  in  tulips;  which  central  new  bulb  has  com- 
monly been  miftaken  for  the  old  root  ; by  this  mode  of  propagation 
the  fimilarity  of  the  new  progeny  to  the  parent  is  nicely  preferved  ; 
and  on  that  account  fome  of  thefe  new  roots  of  tulips  and  hyacinths 
have  been  fold  at  extravagant  prices.  For  the  circumfiance  of  this 
mode  of  reprodu&ion  iee  Scdl.IX.  3.  2. 

But  in  refpe<ft  to  producing  variety  of  colour  in  the  fingle  flowers 
of  bulbous  roots,  the  mod  effectual  method,  I fuppofe,  mufl;  be  by 
fowing  their  feeds,  and  waiting  a few  years,  till  their  fucccfiive  bulbs 
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at  length  produce  flowers,  as  defcribed  in  Se£L  XVII.  1.  2.  and  par- 
ticularly if  the  anther-duft  of  one  variety  in  refpedt  to  colour  be  Ihed 
on  the  fligma  of  another  variety. 

Another  method  of  producing  a change  or  variety  of  colours  in 
bulb-rooted  flowers  may  be  by  planting  them  every  year,  till  they 
flower,  on  very  nutritious  foil,  with  an  abundant  combination  of 
moifture  and  of  heat,  as  thefe  two  elements  fhould  exifl  together 
to  effect  the  mod  luxuriant  growth  of  vegetables.  And  after  they 
have  flowered,  or  on  the  year  in  which  they  are  expedted  to  flower, 
they  fhould  be  tranfplanted  on  a lefs  nutritive  foil,  with  lefs  heat 
and  moifture.  Or  probably  this  lefs  quantity  of  nutriment,  heat,  and 
moifture,  might  be  ufed  at  the  commencement  of  their  growth,  or 
even  at  fowing  their  feed,  with  fimilar  effedt  of  fooner  breaking  into 
variety  of  colours. 

The  beauty  of  the  double  yellow  tulip,  and  its  greater  longevity, 
much  recommend  it  to  common  eyes  ; but  the  endlefs  variety  in  the 
colours  of  Angle  tulips  has  long  and  defervedly  been  the  admiration 
of  florifts.  The  curious  event  of  their  breaking  into  various  colours 
from  an  uniform  purple,  a year  or  two  after  their  fir  ft  flowering, 
and  at  the  fame  time  of  their  lofing  nearly  one  third  of  the  height  of 
their  ftems,  feems  to  indicate,  that  this  effedt  refults  not  from  the 
debility  of  age,  but  from  the  acquifition  of  hereditary  difeafes,  as  thefe 
new  colours,  into  which  they  break,  afterwards  remain  for  uncount- 
ed generations,  and  may  in  this  refpect  be  compared  to  the  canker 
in  apple-trees,  mentioned  in  Sett.  XIV.  1.  3. 

This  change  of  colour  from  darker  to  lighter  in  tulips  may  proba- 
bly be  accelerated  or  increafed  by  keeping  the  roots  long  out  of  the 
ground  in  dry  or  warm  apartments,  fo  as  to  harden  their  fibres,  and 
diminifti  the  diameters  of  their  fecreting  veflels,  and  thereby  hin- 
dering their  abforption  of  colouring  molecules,  fimilar  to  grey  hairs 
produced  on  animals  by  age  or  external  injury  of  the  part.  This 
would  feem  to  obtain  in  tulips,  as  when  they  break  into  colours, 
it  they 
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they  lofe  one  third  of  their  fize,  and  confequently  the  diameters  of 
their  fecretory  and  of  their  abforbent  veffels  muft  be  much  di- 
minifhed. 

New  kinds  of  varieties  in  the  fituations  or  production  of  white 
parts  of  the  petals  of  flowers  might  be  caufed,  I fufpeCt,  by  com- 
preffing  fome  parts  of  them  before  the  flower  opens,  by  tying  fine 
threads  round  the  calyx,  which  inclofes  them  ; as  many  darker  co- 
loured cats  and  dogs  have  all  thofe  parts  lighter  or  quite  white,  which 
have  been  compreffed  together,  as  they  lay  in  their  fetus  Rate  in  the 
uterus  ; an  inflance  of  which  exifts  in  a black  male  cat,  which  now 
lies  upon  the  hearth,  and  an  inflance  of  a black  terrier  bitch  is  de- 
fcribed  in  Zoonomia,  Vol.  II.  Clafs  I.  2.  2.  11.  This  may  be  worth 
the  attention  of  florifts  and  flowerfellers  ; and  it  is  probable,  that  the 
white  ftreaks  in  dark  flowers  may  have  been  thus  produced  by  their 
greater  compreffion  in  the  calyx,  before  the  flower  opens. 

3.  The  caufes  of  duplicature  in  perennial  flowers  with  branching 
roots,  as  ranunculus,  caltha,  hepatica,  anemone,  cheiranthus,  dian- 
thus,  filene,  wallflower,  carnation,  catchfly,  are  probably  fuch  as 
afford  a general  luxuriancy  of  growth  to  thofe  vegetables,  and  may 
be  certainly  propagated  by  offsets  from  thofe  roots,  or  by  laying 
their  branches  in  the  ground,  fo  as  to  exaCtly  refemble  their  parents. 
Many  of  thefe  double  flowers  may  alfo  be  procured  by  collecting  the 
feeds  from  fuch  Angle  flowers  of  the  fame  fpecies,  as  poffefs  a fuper- 
numerary  petal  ; which,  if  fowed  on  fertile  ground,  will  prefent  us 
with  double  or  multiplied  flowers,  as  the  anemone  and  july-flowcr 
mentioned  in  No.  I.  1.  of  this  Section. 

The  effeCt  of  breaking  the  Angle  ones  into  varieties  of  colour, 
which,  in  anemones  and  poppies  as  well  as  in  tulips,  are  uncom- 
monly beautiful,  is  probably  owing  to  the  lefs  fertility  of  the  foil, 
or  lefs  fupply  of  heat  and  moifture,  where  they  have  happened  to 
refide,  and  that  more  effe£tually  if  they  were  removed  from  more 
favourable  fituations. 
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The  varieties  of  the  Angle  flowers  alfo  of  thofe  roots  may  be  pro- 
pagated unchanged,  as  well  as  the  double  ones,  by  dividing  the 
roots  or  tranfplanting  the  offsets,  or  by  laying  their  branches  in  the 
ground,  as  of  pinks  and  carnations.  Other  varieties  may  be  pro- 
cured by  collecting  feeds  and  fowing  them  in  diffimilar  foils  and 
fituations  ; and  fuch  flowers  as  are  of  approved  beauty,  may  pro- 
bably be  occafionally  {Lengthened  and  enlarged  by  depriving  them 
in  part  of  their  offsets  early  in  the  feafon  ; or  may  be  broken  into 
colours  by  keeping  the  roots  fome  weeks  or  months  out  of  the 
ground  in  the  autumn  in  dry  or  warm  apartments. 

The  colours  of  flowers  of  this  kind,  I believe,  are  frequently 
changed  by  fltuation  ; in  my  garden  fome  roots  of  comfrey,  fym- 
phytum,  with  purple  flowers  had  long  exifled  on  a moiftifh  border; 
and  laft  year  other  roots,  I fuppofe  from  the  feeds  of  the  former, 
grew  in  a dryer  fltuation,  and  bore  white  flowers.  And  Mr.  Brad- 
ley afferts,  in  his  Philof.  Account  of  Nature,  p.  7 r,  that  fome  roots 
of  purple  hepatica,  which  were  removed  from  Tothill-fields  to  Hen- 
ley on  the  Thames,  became  white  ; and  became  purple  again,  when 
they  were  returned  to  their  native  fltuation. 

iv.  Efculent  and  Medicinal  Flowers. 

i.  The  efculent  flowers  raofl  in  ufe  at  our  tables  have  their  mu- 
cilage in  fome  degree  coagulated  by  boiling  them  in  water  or  in 
fleam,  and  are  confumed  before  their  - maturity,  as  thofe  of  arti- 
choke, cinara  fcolymus  ; of  mercury,  mercurialis  ; of  fea*cale, 
crambe  maritima  ; and  of  brocoli  and  cauliflower,  braflica  ol,eracea, 
italica  and  botrytis.  The  flowers  of  the  naflurtion,  tropeolum  ma- 
jus,  polfefs  an  agreeable  acrimony,  and  are  eaten  raw,  fhred  with 
the  frefh  leaves  of  lettuce,  young  muffard  plants,  or  red. cabbage. 
Ocher  flowers  are  ufed  for  domeftic  or  medicinal  purpofes,  as  thofe 
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of  hops,  humulus  lupulus,  camomile,  anthemis  nobilis,  rofes,  carda- 
mine,  violets. 

The  three  foremofl  of  thefe,  the  artichoke,  and  mercury,  and 
fea-cale,  are  perennial  plants ; and,  as  they  put  forth  numerous  root- 
fcions  or  offsets,  may  have  their  principal  flem  much  invigorated, 
and  will  confequently  produce  larger  flowers,  by  taking  away  many 
of  thefe  offsets,  fo  as  to  leave  but  two  or  three  on  a root.  And  as 
the  ripening  of  the  feed  is  no  objed,  a greater  abundance  of  moifture, 
than  thefe  plants  have  been  naturally  accuflomed  to,  with  propor- 
tional increafe  of  warmth  in  refped  to  fituation,  will  forward  their 
growth,  and  increafe  their  fize. 

A great  part  of  the  nutritious  mucilage  in  the  artichoke  is  placed 
in  the  upper  part  of  the  flem,  as  well  as  in  the  pericarpium  of  the 
flower,  which  fhould  therefore  be  boiled  along  with  it  for  the  pur- 
pofe  of  coagulation  ; and  might  then  probably  be  managed  fo  as  to 
refemble  fagoe,  if  granulated  by  pafling  it  through  fieves. 

The  art  of  boiling  vegetables  of  all  kinds  in  fleam  inflead  of  in 
water,  might  probably  be  managed  to  advantage,  as  a greater  degree 
of  heat  might  be  thus  given  them,  by  contriving  to  increafe  the  heat 
of  the  fleam  after  it  has  left  the  water  ; and  thus  the  vegetable  mu- 
cilage in  roots  and  feeds,  as  in  potatoes  and  flour-puddings,  as  well 
as  in  their  leaves,  flems,  and  flower-cups,  might  be  rendered  pro- 
bably more  nutritive,  and  perhaps  more  palatable. 

But  many  cf  the  leaves  of  vegetables,  as  the  fummits  of  cabbage- 
fprouts,  lofe  their  green  colour  by  being  boiled  in  fleam,  and  look 
like  blanched  vegetables.  This  etiolation  of  fome  vegetables  by 
fleam  is  probably  owing  to  its  diffolving  their  colouring  matter, 
which  may  then  become  decompofdd  ; and  may  render  them  lefs 
agreeable  to  thofe  who  choofe  by  the  eye  rather  than  by  the  palate; 
which  green  colour  is  however  heightened  by  boiling  them  in 
fome  hard  waters  which  contain  diflolved  lime  or  fea-falt,  or  by  a 
flight,  admixture  of  common  fait  with  foft  water.  An  effed  which 
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is  owing  to  the  evaporation  of  a part  of  the  marine  acid,  and  to  the 
remaining  alkali,  which  was  the  bafis  of  it,  when  applied  to  bluifh 
vegetables  converting  them  into  green,  as  in  the  common  experi- 
ment of  adding  fait  of  tartar  to  fyrup  of  violets  ; or,  according 
to  the  cuftom  of  fome  cooks,  who  add  a little  potafh,  or  fixed  ve- 
getable alkali,  to  the  water,  in  which  young  peas  are  boiled  to 
make  them  green,  and  afterwards  a very  little  fugar  to  fweeteu 
them. 

The  fame  effedt  of  making  vegetables  green,  when  boiled  in  other 
kinds  of  hard  waters,  is  probably  produced  by  the  lime,  which 
abounds  in  them  ; and  which  like  the  vegetable  alkali  when  the 
aerial  acid,  which  was  united  with  it  evaporates,  is  faid  to  convert 
bluifK  vegetable  colours  into  green  ones. 

The  nutritious  mucilage  refides  likewife  in  the  young  Items  of 
mercury,  which  fhould  therefore  be  eaten  before  the  flower  begins 
to  open.  The  (talks  and  immature  flowers  of  fea-cale  are  fimilar  to 
good  brocoli,  if  eaten  young  ; though  many  gardeners  prefer  the 
blanching  them,  which  fupplies  an  early  and  agreeable  repaft,  de- 
fcribed  in  Sedt.  XIV.  3.  3.  Afparagus  does  not  perhaps  properly 
belong  to  this  fedlion,  as  the  Item  is  eaten,  before  the  flower  becomes 
vifible. 

2.  The  cultivation  of  brocoli  and  cauliflower  muft  be  very  flmi- 
lar,  except  as  to  the  feafons  of  the  year,  as  they  are  varieties  of  the 
fame  fpecies  of  plant  of  the  cabbage  family.  The  following  direc- 
tions for  the  cultivation  of  brocoli  were  fent  me  by  Edward  Tighe, 
Efq.  an  ingenious  gentleman  of  Ireland,  along  with  an  elegant  Latin 
poem  on  the  lame  lubjedf,  a free  tranflation  of  which  is  placed  at  the 
end  of  this  fedlion. 

“ Brocoli  may  be  fo  managed  as  to  fupply  the  table  with  a deli- 
cious and  falutary  vegetable  during  the  months  of  November,  De- 
cember, January,  February,  March,  April,  and  May. 
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1.  Procure  prime  feed  from  Rome  or  Naples  both  for  early  and  late 

fowing;. 

O 

2.  Sow  at  the  ceffation  of  the  vernal  fnows,  and  repeat  it  once  a 

month  till  the  end  of  May,  or  longer. 

3.  When  three  leaves  appear,  tranfplant  them  ; and  when  fix 

leaves  appear,  tranfplant  them  again.  Afterwards  in  June, 
J«iy.  and  Auguft,  tranfplant  them  two  or  three  feet  afunder, 
to  remain. 

4.  During  September  and  October  the  ground  mud  be  loofened, 

and  repeatedly  cleared  from  weeds  and  (tones  ; and  the  plants 
earthed  up  to  preferve  their  roots  from  the  froft,  and  to  pre- 
vent their  being  injured  by  the  equinoctial  winds. 

5.  Water  them  occafionally  with  water  impregnated  with  dung. 

6.  Sow  and  plant  them  far  from  hedges,  trees,  and  walls. 

1 The  head  is  generally  completed  in  five  or  fix  days  from  its  fir(t 
appearance,  and  fhould  not  remain  much  longer  ; the  (talk  (hould 
be  boiled  with  the  flower,  and  peeled  in  the  kitchen,  before  it  is 
brought  to  the  table.” 

Some  kinds  of  Italian  brocoli  are  faid  to  produce  fome  knobs  or 
bulbs  at  their  roots,  which  are  fuppofed  to  be  for  the  purpofe  of 
railing  other  (terns  ; if  this  la(t  circumltance  be  afcertained,  they 
(hould  be  broken  off,  when  the  principal  (tern  is  tranfplanted ; like 
the  new  root  of  orchis  to  enlarge  the  flower,  mentioned  in  Sedtion 
XV.  2.  4.  But  they  may  be  (imply  a refervoir  of  nutriment  for 
the  principal  (tern,  as  in  carrots  and  turnips ; in  that  cafe  they  (hould 
certainly  remain,  and  be  tranfplanted  along  with  the  (tern. 

3.  In  refpedt  to  the  flowers  of  hop,  humulus  lupulus ; and  cha- 
njomile,  authemis  nobilis  ; as  well  as  thofe  of  rofes,  violets,  carda- 
mine,  and  the  nafturtion  above  mentioned  ; as  their  petals  only  are 
required,  it  would  add  much  to  their  quality,  if  they  could  be  cul- 
tivated in  their  double  or  multiplied  (late,  as  is  generally  indeed 
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praftifed  in  refpeft  to  rofes  and  chamomile  ; many  acres  of  the  lat- 
- ter  of  which  are  cultivated  near  Chefterfield  in  Derbyfhire,  and  are 
fold,  I am  informed,  to  mix  with  hops,  when  thofe  crops  are  de- 
ficient, as  well  as  for  the  purpofes  of  medicine.  What  might  be  the 
effect  of  endeavouring  to  introduce  a duplicature  or  multiplication  of 
the  flowers  of  artichoke,  fea-cale,  cauliflower,  and  brocoli,  has  not, 
I believe,  been  experienced. 


v.  Flowers  ufed  in  the  Arts. 

i.  The  beautiful  membrane,  which  covers  the  feeds  of  euonymus, 
or  fpindle-tree,  and  of  the  bixa  of  South  America,  is  faid  to  be  ma- 
nufactured into  the  anotta,  or  arnotta,  ufed  in  colouring  cheefe ; but 
I am  told  that  madder,  made  from  the  root  of  rubia  tinfloria,  is  fold 
frequently  in  its  Read,  and  may  be  readily  grown  by  farmers  in  their 
own  gardens.  Few  flowers  are  ufed  in  the  art  of  dying,  their  co- 
lours are  fo  fugitive,  as  they  readily  bleach  when  expofed  to  the 
light,  and  cannot  be  kept  long  even  in  the  herbariums  of  botanifts 
without  lofing  their  colours  ; which  is  believed  to  be  owing  to  the 
oxygen  of  the  atmofphere  being  feparated  from  the  aerial  water  by 
the  fun’s  light,  and  converted  into  a gas  combined  only  with  heat  or 
light,  and  in  that  Rate  more  readily  uniting  with  the  colouring 
matter  of  flowers,  and  producing  a new  acid,  which  is  tranfparent, 
colourlefs,  or  white,  or  is  diflolved  and  wafhed  away  by  the  dews 
or  rains. 

The  blue  colour  of  the  flowers  of  violets  has  been  extra&ed  by 
water,  and  preferved  by  the  addition  of  fugar  converting  it  into  fy- 
rup  for  the  purpofes  of  medicine  in  part,  but  chiefly  for  thofe  of 
chemiflry,  to  fhew  the  change  of  vegetable  blues  into  greens  by  an 
admixture  of  fixed  alkali,  as  fait  of  tartar  or  potafli ; and  into  red 
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by  the  admixture  of  an  acid,  as  thofe  of  fulphur,  nitre,  or  marine 
fait. 

2.  Another  very  important  flower,  which  is  fufFered  to  grow  to 
maturity  for  the  purpofe  of  ufing  the  fine  fibres  which  wing  or  in- 
velope  its  feeds,  is  that  of  the  cotton  plant,  gofifypium  ; which,  as 
it  requires  fo  much  lefs  preparation  than  the  fibres  of  the  ftems  of 
flax  and  of  hemp  or  nettles,  is  likely  to  become  the  principal  cloth- 
ing of  mankind ; and  efpecially  fince  the  art  of  fpinning  it  was 
brought  to  luch  wonderful  perfection  by  the  genius  of  Sir  Richard 
Arkwright,  who  difcovered  that  two  fets  of  rollers  moving  with  dif- 
ferent velocities  would  draw  out  the  fibres  of  cotton  into  a fine 
thread  more  accurately  than  could  be  done  by  the  human  hand, 
as  well  as  more  expeditioufly,  along  with  much  ether  very  ingeni- 
ous machinery. 

There  are  two  bog  or  water  plants  in  our  moraffes,  which  produce 
much  vegetable  fibres  attached  to  their  feeds,  one  of  thefe  is  the  ty- 
pha,  or  cat’s-tail ; and  the  other  eriophorum,  or  cotton-ruflh.  The 
fibres  of  the  former  are  fhort  and  coarfe,  but  might  ferve  perhaps  to 
fluff  cufhions,  or  even  coarfe  beds  ; thofe  of  the  latter  are  longer, 
and  perhaps  fine  enough  to  fpin.  And  as  both  thefe  only  grow  on 
bogs  or  in  water,  where  we  at  prefect  cultivate  no  ufeful  vegetables, 
one,  or  both  of  them,  might  poffibly  be  worthy  the  attention  of 
thofe,  who  poffefs  aquatic  or  mar  flay  fituations.  The  cultivation  of 
the  cotton  plant  belongs  to  warmer  climates,  and  may  probably  re- 
quire abundant  water  for  its  vigorous  growth,  as  well  as  the  typha 
and  eriophorum  of  this  country. 


vi.  Nutritious  parts  of  Vegetables. 

i.  Having  treated  of  the  cultivation  of  fruits,  feeds,  roots,  barks, 
leaves,  w'oods,  and  flowers,  an  important  queftion  prefents  itfelf ; 

which 
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which  of  them  may  fupply  the  mo  ft  nutrition  to  mankind,  or  to 
other  animals  ? 

It  may  be  anfvvered  firft,  that  thofe  vegetables,  or  parts  of  vege- 
tables, which  approach  neareft  to  the  nature  of  animal  bodies,  are 
moft  likely  to  fupply  them  with  the  mod  nutriment  ; as  the  efcu- 
lent  mufhrooms,  and  the  gluten  of  wheat,  and  the  oils  of  feeds  and 
kernels.  The  former  clafs  of  plants  feems  to  conned!;  the  animal 
and  vegetable  kingdoms  of  nature,  as  fpoken  of  in  Sedl.  XVII.  2.  5- 
and  though  many  of  them  poflefs  an  acrid,  and  fome  of  them- an  in- 
toxicating quality,  it  is  probable  that  the  former  might  be  deftroyed, 
and  the  latter  diminished,  by  the  heat  employed  in  cookery.  This 
fhould  neverthelefs  be  attempted  with  due  caution  ; fince,  though 
one  kind  of  vegetable  acrimony,  as  that  of  water-creftes  and  of  cab- 
bages, is  much  diminifhed  or  deftroyed  by  a boiling  heat,  yet  that 
of  the  leaves  of  arum  maculatum,  and  of  arum  arifarum,  I found  by 
experiment,  was  not  decreafed  by  boiling.  And  a few  grains  of  the 
powder  of  lycoperdon,  puff-ball,  have  lately  been  recommended  in 
epileptic  fits,  and  may  thence  poffibly  polfefs  a powerful  narcotic 
quality.  The  gluten  of  wheat  is  fuppofed  to  approach  towards  the 
coagulable  lymph  of  animal  bodies,  as  referred  to  in  Se<ft.  XVI.  7.  i. 
and  was  once,  I believe,  advertifed  as  an  alimentary  powder,  and 
recommended  as  a nourifhment  of  the  moft  portable  kind  for  the 
fuftenauce  of  marching  armies.  And  Iaftly  the  oils  of  vegetables 
approach  much  to  a fimilitude  with  thofe  of  animal  bodies, 

2.  Secondly,  it  may  be  anfwered,  that  fince  the  chyle  of  all  red- 
blooded  animals  is  believed  to  be  nearly  fimilar,  and  to  confift  prin- 
cipally of  fugar,  mucilage,  and  oil ; the  laft  of  which  ingredients 
renders  it  white  by  its  infolubility  in  water,  and  thence  diftinguiflies 
it  from  the  vegetable  chyle  or  fap-juice  of  trees,  which  is  tranfparent, 
and  is  believed  to  confift  principally  of  fugar  and  mucilage  without 
oil;  thofe  parts  of  vegetables  which  contain  the  greateft  quantity  of 
I;  thefe 
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thefe  ingredients  which  compofe  animal  chyle,  or  are  convertible 
into  them  by  the  power  of  digeftion,  may  be  fuppofed-to  contain  the 
moll:  nutriment  for  red-blooded  animals. 

To  this  may  be  added,  that  the  nutritive  quality  of  fugar  is  in- 
conteffably  evinced  from  the  known  fa<3t,  that  the  (laves  in  the  fugar 
iflands  become  in  better  condition  during  the  fugar  feafon,  though 
they  are  compelled  to  labour  harder.  The  nutritive  quality  of  fimple 
mucilage  was  (hewn  in  a remarkable  inllance  on  record ; where  a 
caravan  by  fome  misfortune  had  con  fumed  or  loft  all  their  other 
provilions,  and  lived  many  weeks  on  the  gum  arabic  alone,  which 
conftituted  their  principal  merchandife.  The  nutritive  quality  of 
oil  is  obfervable  in  the  procefs  of  feeding  cattle  with  oil-cake,  and 
in  the  habits  of  the  natives  of  the  northern  latitudes,  who-ufe  the  oil 
of  fi(h  for  both  meat  and  drink,  and  derive  from  it  their  principal 
nourifhment. 

Sugar  is  known  to  be  the  fame,  from  whatever  vegetable  it  is  ex- 
tradled,  whether  from  the  fruit  of  the  vine  or  apple-tree,  from  the 
joints  of  the  fugar-cane,  from  the  fap-veflels  of  the  maple,  from  the 
alburnum  of  the  manna  a(h,  from  the  feeds  of  germinated  barley  and 
rice,  from  the  roots  of  beets,  carrots,  and  potatoes,  or,  laftly,  from 
the  nedlaries  of  flowers.  The  exprefled  oils  of  vegetables  are  alfo 
believed  not  much  to  differ  from  each  other  in  refpedl  to  the  nutriment 
they  contain,  though  fome  of  them  may  approach  nearer  to  the  na- 
ture of  animal  Fat ; as  the  painters  diftinguiflr  them  by  their  greater 
aptitude  to  dry,  when  mixed  with  their  colours  and  expofed  to  the 
air.  But  the  word  mucilage  has  been  ufed  for  (larch,*  which  will 
not  diflolve  in  cold  water,  as  well  as  for  gum  arabic,  and  other  mu- 
cilages properly  fo  called,  which  will  diflbive  in  cold  water,  and  even 
for  the  gluten  of  wheat,  which  will  not  diflolve  in  either  hot  or 
cold  water.  We  may  therefore  conclude,  that  thofe  parts  of  vege- 
tables, which  contain  the  mod  of  thefe  materials,  are  the  mod 
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nutritive,  if  they  do  not  contain  along  with  them  fome  noxious 
materials  united  with  their  falutary  ones,  and  which  cannot  be 
readily  feparated  from  them. 

3.  Though  the  parts  of  vegetables,  which  poffefs  much  oil,  fugar, 
or  mucilage,  may  afford  more  expeditious  nutrition,  as  they  con- 
ftitute  the  ingredients  of  the  chyle  of  all  red-blooded  animals ; yet 
there  are  other  materials,  which  appear  to  be  fo  readily  convertible 
into  fugar  or  into  mucilage,  as  perhaps  nearly  to  fupply  an  equal 
quantity  of  nutriment.  Thus  by  the  procefs  of  germination,  as 
when  feeds  of  barley  are  converted  into  malt,  and  when  roots  pullu- 
late in  our  ftore-rooms,  as  of  onions  or  potatoes  ; the  farina,  con- 
lifting  of  meal  or  ftarch,  is  in  part  converted  into  fugar,  and  in  part 
into  mucilage ; fimilar  to  this  procefs  of  germination  appears  to  be 
that  of  ripening,  by  which  the  auftere  juices  of  fruits  are  tranfmuted 
into  fweet  ones  ; and  alfo  the  culinary  procefles  of  baking  or  boiling, 
by  which  the  auftere  juices  of  unripe  pears  are  changed  into  fweet 
ones  by  the  application  of  heat,  as  mentioned  in  Se<ft.  VI.  5.  But 
another  more  expeditious  converfion  of  vegetable  materials  into  fugar 
is  by  the  digeftion  of  animals,  which  may  be  truly  termed  a faccha- 
rine  procefs  ; as  appears  in  thofe,  who  labour  under  diabates,  as  by 
evaporating  the  urine  of  one  of  thefe  patients,  fixteen  ounces  of  im- 
pure fugar  were  daily  extracted  for  fome  time.  Zoonomia,  Vol,  I. 
Sea.  XXIX.  4. 

Hence,  though  the  oily  kernels  of  nuts,  walnuts,  almonds,  and 
the  oily  feeds  of  flax,  hemp,  rape,  may  contain  moft  expeditious  nu- 
triment ; and  next  to  thefe  the  faccharine  fruits  of  figs,  dates,  rai- 
fins,  and  the  fweet  roots  of  beet,  mungel- worfal,  ground  artichoke, 
helianthus  tuberofus,  parfnip,  carrot,  may  contain  expeditious  nu- 
triment. Yet  the  more  farinaceous  feeds,  as  of  wheat,  peas,  rice, 
barley,  oats,  and  buck-wheat,  polygonum  fagopyrum,  and  the  roots 
of  potatoes,  which  contain  ftarch,  and  flour,  and  mucilage,  which 
are  convertible  into  fugar  in  the  ftomachs  of  animals,  and  are  pro- 
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bably  by  that  cfigeftive  procefs,  and  their  previous  maftication  in  the 
mouth,  mingled  with  more  animal  coagulable  lymph,  as  the  faliva, 
gaftric,  and  pancreatic  juices,  and  may  thus  fupply  a more  animal- 
ized  nutriment  than  the  former ; and  may  on  that  account  con- 
tribute more  to  ftrengthen  the  fyftem.  Of  thefe  feeds  and  roots  it 
appears  probable,  that  thofe,  which  contain  the  moft  ftarch  or  gluten, 
as  wheat,  afford  the  moft  nourifhment,  as  they  are  believed  to  make 
the  beft  bread. 

4.  The  alburnum,  or  fap-wood,  of  moft  trees  in  the  winter 
months  probably  contains  much  nutritious  matter  ; whence  it  is  fo 
foon  deftroyed  by  fermentation  or  putrefaction  when  deprived  of  life  ; 
and  by  infeCts,  when  it  is  deprived  of  its  protecting  bark.  This  nu- 
tritious matter  might  be  obtained  by  grating,  or  rafping,  or  pounding 
it,  and  boiling  the  powder  or  faw-duft  thus  procured.  The  bark 
of  all  thofe  vegetables,  which  are  armed  with  thorns  or  prickles,  is  be- 
lieved to  contain  much  nutritious  matter,  which  their  armour  was 
defigned  to  protect ; as  the  inner  barks  of  elm,  holly,  goofeberry, 
whin  or  gorfe,  contain  much  nutritive  mucilage;  thus  the  deer  in 
Needwood  Foreft  greedily  peel  the  bark  from  the  branches  of  holly, 
which  are  cut  from  the  fummits  of  thofe  trees,  where  they  have  no 
prickles,  as  mentioned  in  Botanic  Garden,  Vol.  II.  note  on  Ilex. 
And  horfes  are  faid  to  be  well  nourifhed  by  gorfe,  if  the  prickles  are 
previoufly  deftroyed  by  rolling  a {tone  over  it,  as  the  tanners  bruife 
their  oak- bark  ; and  fome  horfes  are  faid  to  be  fo  fond  of  it,  and  fo 
wife,  as  to  bruife  young  gorfe-bulhes  with  their  feet,  and  then  to 
eat  them. 

Fern  roots  are  faid  to  be  eaten  by  the  natives  of  New  Holland, 
and  in  other  countries  in  times  of  fcarcity  ; but  as  their  farinaceous 
or  mucilaginous  matter  is  included  in  ligneous  fibres  too  hard  for 
maftication,  the  method  of  cooking  it  is  faid  to  confiff  in  boiling  the 
root,  and  then  extracting  the  fibres  by  hammering  it  to  pieces.  The 
root  of  white  bryony,  which  grows  to  a great  fize  in  our  hedge-bot- 
toms. 
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toms,  is  faid,  by  M.  Permentier,  to  poflefs  a quantity  of  Rarch, 
which  was  capable  of  being  wafhed  from  the  acrid  mucilage  by  grat- 
ing it  into  cold  water,  and  of  being  manufactured  into  an  agreeable 
and  falutary  bread  ; like  the  bread  made  from  the  caffava,  which  is 
faid  to  undergo  a fimilar  proctfs,  by  expreffing  fome  of  the  acrimo- 
nious mucilage  previous  to  the  application  of  the  heat  of  cookery. 
Which  however  not  only  deftroys  the  acrimony  of  many  vege- 
tables, as  of  water-crelfes,  cabbages,  and  the  fkins  of  potatoes,  but  is 
alfo  believed  to  render  fome  of  them  more  nutritive  by  coagulating 
their  mucilage,  which  was  previoufly  combined  with  too  great  a 
proportion  of  water. 

5.  It  would  appear  therefore  in  general,  that  the  feeds  or  kernels 
of  vegetables  afford  the  mofl  nutriment ; next  to  thefe  their  fruits 
and  roots;  and  afterwards  the  alburnum  or  bark.  Some  of  the 
flowers  alfo  in  their  early  Rate  before  impregnation,  as  thofe  of 
artichoke,  cinara,  and  cauliflower,  braflica,  are  nutritious  from  the 
mucilage,  which  they  poflefs ; and  fome  feeds  already  impregnated, 
but  Rill  in  their  immature  Rate,  along  with  their  hulks  or  capfules, 
as  thofe  of  kidney-bean,  phafeolus,  and  of  very  young  peas,  afford  a 
falutary  nutriment.  And  laftly  all  flowers  after  the  expanfion  of 
their  corols  fecrete  honey  ; which  fupplies  food  to  innumerable  in- 
feds,  who  plunder  it,  as  well  as  to  mankind.  In  the  bafes  of  many 
leaves  another  faccharine  or  mucilaginous  juice  is  fecreted,  as  at  the 
joints  of  grafs,  on  the  bulbs  of  onions,  and  at  the  lower  parts  of  the 
leaves  of  cabbages,  and  around  the  Rems  of  afparagus,  mercury,  and 
hop-buds,  during  the  early  Rate  of  their  flowers  ; but  the  leaves 
themfelves,  like  the  lungs  of  animals,  feem  to  poflefs  lefs  nutritious 
aliment  than  many  other  parts  of  their  fyflem. 
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vn.  The  Happinefs  of  Organic  Life, 

All  organized  nature  may  be  divided  into  ftationary  organizations, 
and  locomotive  organizations  ; the  former  of  which  are  called  veo-e- 
tables,  and  the  latter  animals.  All  thofe  parts  of  vegetables,  which 
are  moft  nutritious  to  animals,  confift,  as  obferved  above,  of  aliment 
fecreted  from  the  vegetable  blood,  and  laid  up  in  refervoirs  for  the 
future  fuftenance  of  their  embryon  or  infant  progeny  ; which  re- 
fervoirs are  plundered  by  locomotive  animals,  and  devoured  along 
with  the  progeny,  they  were  defigned  to  fupport ! add  to  this,  that 
the  flronger  locomotive  animals  devour  the  weaker  ones  without 
mercy.  Such  is  the  condition  of  organic  nature  ! whofe  firft  law 
might  be  exprelfed  in  the  words,  4t  Eat  or  be  eaten  !”  and  which 
would  feem  to  be  one  great  flaughter-houfe,  one  univerfal  fcene  of 
rapacity  and  injuftice  ! 

1.  Where  (hall  we  find  a benevolent  idea  to  confole  us  amid  fo 
much  apparent  mifery  ? — I hope  the  fympathizing  reader  will  not 
think  the  following  account  of  the  happinefs,  which  organized  beings 
acquire  from  irritation  only,  impertinently  inferted  in  this  place ; 
their  happinefs  derived  from  imagination  and  volition  may  be  treated 
of  in  fome  future  work. 

It  may  firft  be  obferved,  that  the  feeds  of  plants  and  the  eggs  of 
animals,  when  they  have  left  the  pericarp  or  uterus,  and  have  not 
yet  commenced  their  new  growth  upon  the  foil,  or  beneath  the 
wings  of  the  mother,  exift  in  a torpid  ftate,  not  polfeifed  of  fenfitive 
life  ; and  cannot  therefore  at  this  time  be  fuppofed  to  fuffer  pain, 
when  they  are  deftroyed  by  other  animals ; though  thofe  animals 
obtain  pleafure  from  the  a&ivity,  into  which  their  vafcular  fyftems 
are  excited  by  the  ftimulus  of  the  aliment  thus  fupplied. 

Secondly,  that  the  young  of  laflefcent  animals  both  acquire  and 
communicate  pleafure  to  the  enamoured  mother,  from  whom  they 


receive 


OF  FLOWERS. 


557 


Sect.  XIX.  7.  1. 

receive  their  nutriment,  as  mentioned  in  Botanic  Garden,  Vol  I. 
Cantol.  L278,  note;  which  conftitutes  the  mold  beautiful  and  mod: 
benevolent  part  of  the  great  fyftem  of  nature. 

Thirdly,  all  animals,  and,  I fuppofe,  vegetables,  receive  pleafure 
in  the  reproduction  of  their  fpecies  ; and  where  feeds  are  difperfed 
on  the  foil,  and  the  eggs  of  fome  animals  and  of  many  infeCts  are 
buried  beneath  it,  to  be  revived  and  hatched  by  the  warmth  of  the 
fun  ; there  can  be  no  pain  in  thefe  cafes  inflicted  on  the  mother,  when 
they  are  deftroyed  by  animals  or  by  infeCts,  as  the  is  unconfcious  of 
their  deftruCtion. 

Fourthly,  as  all  animal  exigence  muft  perifti  in  procefs  of  time, 
by  the  inirritability  and  confequent  debility  occafioned  by  the  repe- 
tition of  ftimulus,  which  is  termed  habit,  and  appears  to  be  an  uni- 
verfal  law  of  nature  : it  is  fo  ordered,  that  as  foon  as  any  organized 
being  becomes  lefs  irritable  and  lefs  fenfible,  and  in  confequence 
feeble  or  fickly,  that  it  is  deftroyed  and  eaten  by  other  more  irritable 
and  more  fenfible,  and  in  confequence  more  vigorous  organized 
beings  ; as  infeCts  attack  the  weaker  vegetable  productions  in  pre- 
ference to  the  healthy  ones  ; and  beafts  of  prey  more  eafily  catch  and 
conquer  the  aged  and  infirm,  and  the  young  ones  are  defended  by 
their  parents.  By  this  contrivance  more  pleafureable  fenfation  exifts 
in  the  world,  as  the  organized  matter  is  taken  from  a ftate  of  lefs  ir- 
ritability and  lefs  fenfibility,  and  converted  into  a ftate  of  greater; 
that  is  in  other  words,  that  the  old  organizations,  whether  ftation- 
ary  or  locomotive  ones,  are  tranfmigrated  into  young  ones : whence 
it  happened,  that  before  mankind  introduced  rational  fociety,  and 
conquered  the  favage  world,  old  age  was  unknown  on  earth  I 

Finally,  the  aged  and  infirm,  from  their  prefent  ftate  of  inirrita- 
bility and  infenfibility,  lofe  their  lives  with  lefs  pain,  and  which 
ceafes  inftantly  with  the  ftroke  of  death  ; infomuch  that  death 
cannot  fo  properly  be  called  pofitive  evil,  as  the  termination  of 
good. 
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To  this  (hould  be  added,  that  a long  continued  or  a great  excels 
of  pain  cannot  afflift  an  organized  being;  as  fyncope  or  fudden 
death,  and  confequent  decompofition,  attends  very  violent  pains; 
and  a lingering  death  attends  the  continuation  of  lefs  violent  ones. 
Hence  it  becomes  a confoling  circumflance,  that  mifery  is  not  im- 
mortal. 

A philofopher,  whom  I left  in  my  library,  has  petufed  the  above 
paragraphs,  and  added  the  fubfequent  one  to  my  manufcript.  “ It 
confoles  me  to  find,  as  I contemplate  with  you  the  whole  of  orga- 
nized nature,  that  it  is  not  in  the  power  of  any  one  perfonage,  whe- 
ther ftatefman  or  hero,  to  produce  by  his  ill-employed  adlivity  fo 
much  mifery,  as  might  have  been  fuppofed.  Thus,  if  a Ruffian 
army,  in  thefe  infane  times,  after  having  endured  a laborious  march 
of  many  hundred  miles,  is  deftroyed  by  a French  army  in  defence  of 
their  republic,  what  has  happened  ? Forty  thoufand  human  crea- 
tures dragged  from  their  homes  and  their  connexions  ceafe  to  exift, 
and  have  manured  the  earth  ; but  the  quantity  of  organized  matter, 
of  which  they  were  compofed,  prefently  revives  in  the  forms  of  mil- 
lions of  microfcopic  animals,  vegetables,  and  infeds,  and  afterwards 
of  quadrupeds  and  men  ; the  fum  of  whofe  happinefs  is  perhaps 
much  greater  than  that  of  the  haraffied  foldiers,  by  whofe  destruc- 
tion they  have  gained  th,eir  exigence  ! — Is  not  this  a confoling  idea 
to  a mind  of  univerfal  fympathy  ? 

44  I well  remember  to  have  heard  an  ingenious  agricultor  boaft, 
that  he  had  drained  two  hundred  acres  of  moraffy  land,  on  which  he 
now  was  able  to  feed  a hundred  oxen ; and  added,  4 is  not  that  a me- 
ritorious thing  ?’  4 True,’  replied  one  of  the  company,  4 but  you  for- 
get, that  you  have  deftroyed  a thoufand  free  republics  of  ants,  and 
ten  thoufand  rational  frogs,  befides  innumerable  aquatic  infedts,  and 
aquatic  vegetables.’ 

44  Having  written  the  above,  I.  fear  you  may  think  me  a mifan- 
thrope,  but  I affiure  you  a contrary  fenfation  dwells  in  my  bofom  ; 
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and  though  I commiferate  the  evils  of  all  organic  being,  Homo  fum, 
humani  nihil  a me  alienum  puto.” 

2.  The  vafcular  fyftems  of  animal  bodies  are  excited  into  action 
by  the  ftimulus  of  the  fluids,  which  they  abforb,  circulate,  and  fe~ 
Crete ; and  when  this  action  is  exerted  in  its  natural  or  moft  ufual 
quantity,  it  is  attended  with  agreeable  fenfation,  which  conftitutes 
the  pleafure  of  organized  exigence.  Thefe  vafcular  adtions  of  ani- 
mals, which  perform  digeftion,  fanguiflcation,  and  fecretion,  convert 
the  aliment,  after  its  folution  in  the  ftomach,  into  more  compounded 
and  more  folid  materials ; as  into  mufcles,  membranes,  nerves, 
bones,  and  fhells ; at  the  fame  time  that  pleafurable  fenfation  attends 
this  activity  of  the  fyftem.  The  vafcular  a&ions  of  vegetables, 
which  perform  their  digeftion,  fanguiflcation,  and  fecretion,  convert 
the  elements  of  air  and  water,  or  other  aliments,  which  they  receive 
from  organized  matter  decompofing  beneath  the  foil,  into  more  com- 
pounded or  more  folid  materials,  as  into  vegetable  veflels,  mufcles, 
membranes,  nerves,  and  ligneous  fibres  ; and  a degree  of  pleafure- 
able  fenfation  muft  be  fuppofed  from  the  ftrongeft  analogy  to  attend 
this  activity  of  their  fyftems. 

3.  Many  of  the  materials,  which  have  been  thus  produced  by  the 
digeftion  and  fecretion  of  organized  beings,  and  have  giveix  pleafure 
in  their  produfltion,  have  been  flow  in  their  decompofition  after  the 
death  of  the  creature  ; as  the  (hells  of  fifh  were  originally  thus 
formed,  and  were  left  at  the  bottom  of  the  ocean,  till  they  became 
wonderfully  accumulated,  were  afterwards  elevated  by  fubmarine 
fires,  and  conftitute  at  this  day  the  immenfe  rocks  and  unmeafured 
ftrata  of  limeftone,  chalk,  and  marble.  As  mentioned  in  Se£t.  X. 
10.  1. 

The  ftrata,  which  are  incumbent  on  the  calcareous  ones,  which 
confift  of  coals,  fand,  iron,  clay,  and  marl,  are  all  of  them  be- 
lieved to  have  been  originally  the  products  chiefly  of  vegetable  orga- 
nization ; whatever  changes  they  have  fince  undergone  in  the  long 

progrefs 


PRODUCTION 


Sect.  XIX.  8. 


progrefs  of  their  decompofition,  and  that  all  thofe  folid  parts  of  the 
earth  have  been  thus  fabricated  from  their  fimpler  elements  by  vege- 
table and  by  animal  life,  and  have  given  pleafure  to  thofe  organized 
beings,  which  formed  them,  at  the  time  of  their  production. 

We  hence  acquire  this  fublime  and  interefling  idea  ; that  all  the 
calcareous  mountains  in  the  world,  and  all  the  ftrata  of  clay,  coal, 
marl,  fand,  and  iron,  which  are  incumbent  on  them,  are  Monu- 
ments OF  THE  PAST  FELICITY  OF  ORGANIZED  NATURE! AND 

CONSEQUENTLY  OF  THE  BENEVOLENCE  OF  THE  Deity! 


viii.  The  Cultivation  of  Broco/i. 

Tranflated  in  part  from  an  elegant  Latin  poem  of  Edward  Tighe,  Efq. 

I 

There  are  of  learned  tafte,  who  ftill  prefer 
Cos-lettuce,  tarragon,  and  cucumber ; 

There  are,  who  ftill  with  equal  praifes  yoke 
Young  peas,  alparagus,  and  artichoke  j 
Beaux  there  are  ftill  with  lamb  and  fpinach  nurs’d. 

And  clowns  eat  beans  and  bacon,  till  they  burft. 

This  boon  I afk  of  Fate,  where’er  I dine, 

O,  be  the  Proteus-form  of  cabbage  mine  ! — 

Cale,  colewort,  cauliflower,  or  foft  and  clear 
If  Brocoli  delight  thy  nicer  ear. 

Give,  rural  Mufe  ! the  culture  and  the  name 
In  verfe  immortal  to  the  rolls  of  Fame. 

When  the  bright  Bull  afcending  firft  adorns 
The  Spring’s  fair  forehead  with  hfs  golden  horns  j 

, * " • ' ' * . 

When  the  bright  Bull , 19th  of  April. 
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Italian  feeds  with  parfimonious  hand 
The  watchful  Gardener  fcatters  o’er  his  land; 

Quick  moves  the  rake,  with  iron  teeth  divides 
The  yielding  glebe,  the  living  treafure  hides; 

O’er  the  fmooth  foil,  with  horrent  thorns  befet. 

Swells  in  the  breeze  the  undulating  net; 

Bright  fhells  and  feathers  dance  on  twilling  firings. 

And  the  fear’d  Finch  retreats  on  rapid  wings. 

Next  when  the  Twins  their  lucid  forms  difplay. 

And  hand  in  hand  falute  the  lord  of  day ; 

When  climbs  the  Crab  the  blue  ethereal  plain. 

Or  fhakes  the  Lion  his  refulgent  mane ; 

Each  paffing  month  renew  the  grateful  toil. 

Upturn  with  fhining  blade  the  fertile  foil; 

New  feeds  infert,  whofe  vegetable  birth 
May  rife  fuccefiive  from  the  womb  of  earth. 

So  lhall  hibernal  hours  on  frozen  wing 
View  the  green  produdls  of  the  breezy  Ipring ; 

Admiring  nymphs  the  genial  banquet  lhare. 

Smile  on  thy  labours,  and  reward  thy  care. 

But  when  three  leaves  the  young  Afpirer  fhoots. 

To  other  foils  tranfplant  the  Ihorten’d  roots ; 

Where  no  tall  branches  form  a vaulted  glade. 

Nor  ivy’d  tower  projects  a length  of  Ihade ; 

There  in  wide  ranks  thy  verdant  realms  divide. 

Parting  each  opening  file  a martial  llride. 

There  with  charm’d  words  of  fome  poetic  fpell 
Call  the  blue  Naiads  from  their  fecret  cell; 

From  filver  urns  in  lucid  circles  pour 
Round  each  weak  ftem  the  falutary  Ihower. 

Pants  thy  young  heart  to  grafp  the  laurel’d  prize. 

And  fwell  thy  Brocoli  to  gigantic  fize  ?— 

The  Twins,  20th  of  May.  The  Crab,  20th  of  June, 

The  Lion,  of  July. 
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Soon  as  each  head  with  youthful  grace  receives 
The  verdant  curls  of  fix  unfolding  leaves ; 

O,  ftill  tranfplant  them  on  each  drizzly  morn. 

Oft  as  the  moon  relights  her  waining  horn ; 

Till  her  bright  veft  the  ftar-clad  Virgin  trails. 

Or  corn-crown’d  Autumn  lifts  his  golden  fcales. 

Then  ply  the  fbining  hoe  with  artful  toil, 

Ere  the  grey  night-froft  binds  the  ftiffen’d  foil  i 
And,  as  o’er  heaven  the  rifing  Scorpion  crawls. 

Surround  the  (huddering  Items  with  earthen  walls. 

So  thall  each  plant  erett  its  leafy  form, 

Un(hook  by  Autumn’s  equinoxial  ftorm  j 

And  round  and  fmooth,  with  filvery  veins  embofsM, 

Repel  the  dew-drops,  and  evade  the  froft. 

Thus  on  the  Stoic’s  round  and  polilh’d  brows 
Her  venom’d  (hafts  in  vain  misfortune  throws ; 

By  virtue  arm’d,  he  braves  the  tented  field. 

The  innocuous  arrows  tinkling  on  his  (hield. 

Hence  when  afcendant  rules  the  watery  Star,. 

Or  the  celeftial  Fifhes  fwim  in  air. 

Thy  guarded  (talks  (hall  lift  their  curled  heads, 

And  fringed  foliage  (hade  thy  ample  beds. 

Gem  with  bright  emerald  Winter’s  tracklefs  fnows. 

Or  bind  with  leafy  wreaths  his  icy  brows. 

When  leads  the  Spring  amid  her  budding  groves 
The  laughing  graces,  and  the  quiver’d  loves ; 

Again  the  Bull  (hall  (hake  his  radiant  hair 
C’fr  the  rich  product  of  his  early  care; 

Jbc  ftar-clad  Virgin , 2 2 <1  of  Auguft.  Golden  [calcs,  22cl  of  September. 

Scorpio  22<1  of  O&dbef.  Evade  the  f rtf . One  advantage,  which  vege- 

tables receive  by  repelling  the  water  by  the  upper  ratfaces  of  their  leaves,  is,  that  it 
may  not  incommode  theT  refpiration ; but  another  is,  that  by  not  D^;ng  thus  rooiftened 
they  are  lefs  injured  bV  froft; 

Watery  Star,  19th  January.  Cekfiai  tfkts,  17th  February.  The  Bull,  19th  April. 

With 
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With  hanging  lip  and  longing  eye  fliall  move. 

And  Envy  dwell  in  yon  blue  fields  above. — 

Oft  in  each  month,  poetic  Tighe  ! be  thine 
To  difh  green  Brocoli  with  favory  chine; 

Oft  down  thy  tuneful  throat  be  thine  to  cram 
The  fnow-white  cauliflower  with  fowl  and  ham  !— 

Nor  envy  thou,  with  fuch  rich  viands  bleft. 

The  pye  of  Perigord,  or  Swallow’s  neft. 

The  pye  of  Perigord  was  made  of  the  red-legged  partridges  before  the  French  revolu- 
tion ; and  was  fold  in  London  at  the  price  of  a guinea  for  each  bird  it  contained. 

Swallow's  nejl.  There  is  a fpecies  of  fwallow,  that  builds  a neft  on  the  banks  of 
the  Nile  and  Ganges,  which  confifts  of  ifinglafs  ; which  the  bird  colle&s  from  putrid 
fifh  left  on  the  fands ; and  which  is  efteemed  a great  delicacy,  and  enters  the  moft 
coftly  foups  at  the  luxurious  tables  of  the  eaft. 
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PLAN  FOR  DISPOSING  PART  OF  THE  VEGETABLE  SYSTEM  OF  LINNEUS 
INTO  MORE  NATURAL  CLASSES  AND  ORDERS. 

I'.  The  claffes  of  plants  dfiinginjhed  by  the  proportion  or  fixation  of  the  Jlamina  art- 
more  natural  than  thofe  dftingmjhed  by  their  numbers.  Many  Linnean  daffes 
• thus  diftinguijhed.  Many  of  the  orders  are  natural  clajjifications.  Ufe  of  natural 
dajfes.  2.  The  fituation  and  proportion  of  the  fexual  organs  are  lefs  liable  to  va- 
riation than  their  numbers.  Great  variation . in  refpeCl  to  number  of  the  Jlamina. 
From  luxuriant  growth.  Some  fpecies  have  but  half  the  number.  Others  have 
part  of  them  without  anthers.  The  number  of  pftilla  varies  in  different  fpecies  of 
the  fame  genus.  Progrefs  of  nature  to  greater  perfection.  Of  the  dafs  Syngenefia . 

3.  Immutable  parts  dif covered  by  reafoning  as  well  as  by  obfervation.  Filaments 
of  Meadia  unchangeable , and  of  hemerocalis  fulva3  nigella,  collinfoniaffpartium. 

4.  Some  natural  orders  might  become  daffes.  As  the  graffes , and  the  umbellata3 

and  Jlellata.  Forms  of  the  filament  s,  and  of  the  anther  s3  as  well  as  their  fixa- 
tionsj lefs  variable  than  their  numbers.  5.  Clajfic  characters.  From  jhort  and 
long  filaments.  From  their  unequal  heights.  From  their  different  infer t ions.  From 
their  refpedive  fixations.  From  their  adhefions  to  each  other.  Or  to  the  corol3 
or  Jlyle.  From  their  ex  ftence  in  different  flowers.  From  the  connexion  of  the  an- 
thers,  or from  the  forms  of  the  filaments  and  anthers.  6.  Uncertainty  of  the  num- 
ber of  pftilla.  Their  proportions  and  figures  lefs  variable.  And  wiuld  define 

more  natural  orders.  7.  Characters  of  orders  from  the  length  of  the  Jlyle.  The 
curvature  of  it.  The  attitudes  of  it.  Divifions  of  the  fiigma.  Abfenceof  thefiigma. 
Adhefions  of  the  Jlyle.  8..  Conclufion . 

I.  Often  as  I have  admired  the  clarification  of  vegetables  by 
the  great  Linneus  deduced  from  their  lexual  organs  of  reproduction, 
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fome  of  the  clafies  have  appeared  to  me  tQ  be  more  excellent  than, 
others,  as  they  feemed  to  approach  nearer  to  natural  ones.  On  fur- 
ther attention  to  this  fubjedl,  I perceived  that  thofe  clafies,  which 
were  deduced  from  the  proportions  or  fituations  of  the  ftamina,  or 
which  included  the  number  of  the  ftamina  along  with  their  propor- 
tions and  fituations,  were  more  natural  clafies  than  thofe,  which  were 
diftinguifhed  fimply  by  the  number  of  them. 

Thus  the  clafies  termed  Dydynamia  and  Tetradynamia,  which 
are  derived  from  the  proportions  and  fituations  of  the  flamina  as  well 
as  their  number,  are  wonderfully  natural ; to  which  may  be  added 
the  clafies  Icofandria,  and  Polyandria,  as  their  diagnoftic  chara&er 
confifis  in  the  fituation  of  the  ftamina  on  the  calyx  or  petals  in  the 
former  clafs,  and  on  the  receptacle  in  the  latter,  though  the  names 
of  thefe  clafies  are  not  fo  happy,  as  they  fimply  refer  to  their  num- 
bers, which  are  unfortunately  very  variable. 

Some  other  of  the  Linnean  clafies  are  diftinguifhed  by  the  fitua- 
tion of  the  filaments,  as  the  Monadelphia,  Diadelphia,  Polyadelphia, 
and  Gynandria  ; all  which  approach  towards  natural  clafies ; and  the 
Syngenefia,  which  is  diftinguifhed  by  the  adhefion  of  the  anthers,  is 
a clafs  beautifully  natural,  except  the  laft  order. 

Many  of  the  orders  alfo  in  the  fexual  lyftem  are  natural  claflifica- 
tions,  as  the  grafles  in  the  clafs  Triandria,  the  umbellated  plants  in 
the  clafs  Pentandria,  and  perhaps  the  cruciform  plants  in  the  clafs 
Tetandria  ; with  many  amongft  thofe  which  are  termed  natural 
orders  at  the  end  of  the  Genera  Plantarum  ; all  which  might  proba- 
bly be  difcrirninated  by  fome  fituation,  or  proportion,  ox  form,  of 
their  refpedtive  ftamina. 

As  the  clafies  deduced  from  the  proportions  or  fituations  of  the 
ftamina  alone,  or  conjointly  with  thelx'  refpedtive  number,  appear 
thus  to  produce  more  natural  diftributions  of  vegetables,  than  thofe 
derived  fimply  from  their  number;  it  might  have  been  mor-:  fortu- 
nate for  the  fcience  of  Botany,  if  the  great  author  of  the  fexual 
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fyftem  had  turned  h*15 to  have  clafled  all  of  them  fiGtli  the  pro- 
-portions,  fituations,  and  forms  of  the  ftamina  alone,  or  from  thefe 
conjointly  with  their  number,  and  to  have  diftinguifhed  the  orders 
according  to  the  proportions,  fituations,  or  forms  of  the  piftilla  alone, 
or  conjointly  with  their  numbers. 

The  great  ufe  of  diffributing  plants  into  natural  claffes  is  not  only 
for  the  purpofe  of  more  readily  diftinguifhing  them  from  each  other, 
and  difcovering  their  names,  but  alfo  for  that  of  more  readily  detect- 
ing the  virtues  or  ufes  of  them  in  diet,  medicine,  or  the  arts ; as  for 
the  purpofes  of  dying,  tanning,  architecture,  fhip-building;  which 
has  already  been  happily  experienced  in  attending  to  the  genera  or 
families  of  plants,  which  are  all  natural  diftributions  of  them,  whence 
the  fame  virtues  or  qualities  generally  exift  among  all  the  fpecies  of 
the  fame  genus,  though  perhaps  in  different  degrees. 

2.  But  another  great  advantage  would  probably  occur  from  deduc- 
ing the  characters  of  the  claffes  of  vegetables  from  the  fituations, 
proportions,  or  forms  of  the  fexual  organs  rather  than  from  their 
number ; which  is,  that  thefe  criterions  of  the  claffes  and  orders 
would  be  much  lefs  fubjeCt  to  variation. 

The  variation  of  the  number  of  ftamina  not  only  frequently  oc- 
curs from  the  too  luxuriant  growth  of  many  cultivated  flowers,  or 
by  the  duplicature  or  multiplication  of  their  petals,  or  neCtaries,  which 
is  liable  much  to  inconvenience  the  young  botanift;  but  feveral  of 
the  fpecies  of  plants  have  but  half  the  number  of  ftamina,  which 
other  fpecies  of  the  fame  genus  pofiefs.  This  occurs  fo  frequently, 
that  the  defeCt  of  number  is  exprefled  as  an  effential  character  of  the 
fpecies  in  many  inflances.  Thus  the  ceraftium  pentanclrum,  and  fper- 
gula  pentranda,  diftinguifh  thofe  fpecies  from  the  other  plants  of  the 
genus,  which  poflefs  ten  ftameno;  fo  tamarix  floribus  pentandris, 
tamarix  floribus  decandris,  falix  floribus  diandris,  falix  triandra,  falix 
pentandra,  valeriana  floribus  monandris,  valeriana  floribus  diandris, 
verbena  diandra. 
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So  the  vernal  flowers  of  the  corchorns  filiquofus  have  but  four 
ftamina,  but  the  autumnal  ones  have  numerous  {lamina.  The  linum 
flax  of  this  country  has  but  five  perfefit  {lamina,  and  five  without  an- 
thers on  their  fummits;  whereas  the  linum  lufitanicum,  Portugal 
flax,  poflefles  ten  complete  ones.  The  verbena,  vervain,  of  our  coun- 
try has  four  {lamina,  that  of  Sweden  but  two;  the  genus  albuca, 
bignonia  catalpa,  gratiola,  and  hemlock-leaved  geranium,  have  only 
half  their  filaments  crowned  with  anthers ; all  which  and  many 
others  evince  the  uncertainty  of  depending  on  numbers  alone  for 
difiinguifhing  the  clafles  of  plants. 

Nor  are  the  number  of  piftilla  more  certain  as  a criterion  of  the 
orders.  Thus  there  is  nigella  pentagyna,  and  nigella  decagyna;-' 
hypericum  floribus  pentagynis,  trigynis,  and  digynis,  with  innu- 
merable other  fimilar  inftances,  as  mentioned  in  No.  6 of  this  Sec-- 
tion.  Which  evince,  that  great  confufion  mull  be  occafioned  by  a 
reliance  Amply  on  the  number  of  the  piftilla  for  defining  the  orders 
of  plantsj 

I contend,  that  the  number  of  the  fexual  organs  in  flowers  is  more 
liable  to  change  by  the  influence  of  foil  or  climate,  or  by  the  pro- 
grefs  of  time,  than  their  fituations  or  proportions,  or  forms,  and  might 
therefore  probably  be  more  advantageoufly  employed  in  diftinguifhing 
their  clafles  and  orders  from  each  other,  as  well  as  in  rendering  them  ' 
more  natural  combinations. 

This  mutability  or  uncertainty  of  the  number  of  the  organs  of  re- 
production belonging  to  individual  flowers,  would  feem  to  arife  from 
an  attempt  of  all  organized  beings  towards  greater  perfection. 
Whence  as  the  fuccefs  of  the  procels  of  reproduction  becomes  more 
certain  from  the  greater  perfection  of  the  vegetable  being,  the  organs 
for  the  purpole  of  reproduction  feem  to  become  fewer.  Whence 
fome  flowers  have  loft  half  the  ftamina,  and  in  others  the  anthers  » 
of  thole  ftamina  are  yet  only  deficient,  and  in  others  the  piftilla  are 
deficient ; all  which,  in  procefs  of  time  may  gradually  become  lefs 
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numerous,  or  feparate  themfelves  from  hermaphrodite  flowers  into 
fexual  ones,  as  in  the  clafleS  of  monoecia  and  dioecia ; and  all  of 
them  finally,  after  a long  procefs  of  ages,  become  of  the  orders  mo- 
nandria  and  monogynia  of  thofe  clafles  ; whilft  new  kinds  of  vege- 
tables may  begin  a fimilar  progrefs  from  lefs  to  greater  perfection. 
So  in  animals,  the  lefs  perfeCt  feem  to  poflefs  organs  for  a more  nu- 
merous reproduction,  as  fifh  and  infeCts.  Such  would  feem  to  be 
the  perpetual  progrefs  of  all  organized  being  from  lefs  to  greater  per- 
fection exifting  from  the  beginning  of  time  to  the  end  of  it  ! a power 
imprefled  on  nature  by  the  great  Father  of  all. 

Thus  in  the  clafs  fyngenefia,  the  tendency  of  thefe  vegetables 
from  more  numerous  to  a more  Ample  organization  for  the  purpofe  of 
reproduction  is  wonderfully  confpicuous.  In  the  order  polygamia 
aequalis,  all  the  florets  are  furnifhed  with  male  and  female  organs. 
In  the  order  polygamia  fuperflua,  the  florets  in  the  centre  have  both 
male  and  female  organs,  thofe  in  the  circumference  have  only  fe- 
male ones  ; and  of  thofe  fome  have  loft  the  corol  of  the  floret.  In 
the  order  polygamia  fruftranea  the  florets  in  the  centre  poflefs  both 
male  and  female  organs,  but  thofe  in  the  circumference  have  nei- 
ther ; though  at  the  fame  time  the  corols  of  thofe  florets  remain. 
And  laftly,  in  the  order  polygamia  neceflaria  the  central  florets  are 
Amply  male  florets,  and  thofe  in  the  circumference  Amply  female 
ones ; and  thus  approach  to  the  clafs  of  monoecia,  having  the  male 
and  female  organs  in  feparate  florets  ; and  may  in  procefs  of  time 
exift  in  feparate  flowers,  and  afterwards  in  feparate  plants,  like  the 
two  fexes  of  the  more  perfeCt  animals.  Something  Amilar  to  this 
feems  already  to  have  occurred  in  the  plant  phytolacca,  of  the  clafs 
decandria  decagynia  ; which  poflefles  one  fpecies  with  twenty  males, 
another  with  ten,  another  with  only  eight  males  and  eight  females, 
and  laftly  one  of  the  clafs  dioecia,  or  two  houfes. 

3.  In  many  flowers  fome  circumflances  of  the  Atuations  or  pro- 
portions or  forms  of  the  Alaments  or  anthers  may  be  fhewn,  by  rea - 
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foning  as  well  as  by  obfervation,  to  be  lefs  mutable  than  others  ; as 
the  fhortnefs  of  the  filaments  of  dodecatheon  meadia,  cyclamen,  fo- 
lanum,  borago,  fufchia,  and  others.  As  mentioned  in  Botanic  Gar- 
den, Vol.  II.  note  on  Meadia.  Thus  in  the  flower  of  meadia  the 
filaments  are  exceedingly  fhort  compared  to  the  flyle,  and  feem  to 
have  been  in  that  circumfiance  immutable.  Whence  it  became  ne- 
ceflary, firft  to  furnifli  them  with  long  anthers,  which  Hand  pointed 
towards  the  diftant  ftigma  apparently  endeavouring  to  reach  it.  Se- 
condly, it  was  neceflary  to  bend  the  flower-ftalks,  when  the  corols 
open  into  thofe  graceful  curves,  which  conftitute  the  uncommon 
beauty  both  of  this  flower  and  of  the  fufchia  ; that  the  fligma  by 
hanging  down  immediately  beneath  the  anthers  might  thus  receive, 
as  it  falls,  the  prolific  farina.  And  that  this  was  the  evident  defign 
of  the  curvature  of  the  flower-ftalk  appears  from  its  rifing  again,  and 
becoming  quite  erect,  as  foon  as  the  impregnation  of  the  pericarp  is 
accompliftied.  Thirdly,  as  the  flower  thus  becomes  perpendicularly 
pendent,  it  was  neceflary  to  reflect  the  petals  for  the  purpofe  of  ad- 
mitting light  and  air  to  the  fexual  organs. 

We  may  reafon  from  this  ftruture  of  the  meadia,  that  ail  this  ap- 
paratus of  long  eret  anthers  to  approach  the  fligma  ; of  bending  the 
flower-ftalk,  that  the  fexual  organs  might  become  pendulous  j and 
then  of  refleting  the  petals  to  give  light  and  air  ; might  have  all 
been  fpared,  if  the  filaments  alone  could  have  grown  as  long  as  the 
flyle  ; as  occurs  in  moft  other  flowers.  And  that  therefore  in  thefe 
flowers  the  filaments  are  the  moft  unchangeable  parts  of  them  ; and 
that  hence  the  comparative  length  of  the  filaments  in  refpedt  to  the, 
flyle  wrouid  afford  the  moft  immutable  mark  of  their  eflential  cha- 
racter, or  for  the  purpofe  of  claflification. 

Another  apparent  inftance  of  the  great  unchangeablenefs  of  the 
length  of  the  filaments  exifts  in  the  hemerocallis  fulva,  tawny  day- 
lily,  in  which  I obferve  the  flyle  is  crooked,  or  bent  into  a zigzag, 
about  the  middle  of  it,  evidently  for  the  purpofe  of  fhortening  it, 
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that  the  anthers  might  approach  the  fligma  ; the  flalk  of  the  flower 
not  being  fo  flexible  as  to  allow  it  to  become  pendent,  as  in  the  he- 
merocallis  fiava,  or  yellow  day-lily. 

In  nigella,  devil  in  the  bufh,  the  ftyles  are  very  long  compared 
with  the  filaments,  and  bending  down  their  ftigmas  over  the  an- 
thers in  curves,  give  the  flower  a refemblance  to  a regal  crown  ; 
which  need  not  to  have  occurred,  if  the  filaments  could  more  eafily 
have  been  lengthened. 

In  collinfonia  the  two  anthers  fland  widely  diverging  on  fhort 
filaments,  and  the  tall  capillary  flyle  bends  its  ftigma  into  conta& 
firft  with  one  of  them,  and  afterwards  with  the  other.  In  the  fpar- 
tium  fcoparium,  common  broom,  the  long  flyle  bends  round  into  a 
circle  to  accommodate  the  ftigma  to  the  fhort  fet  of  anthers,  which 
great  curvature  need  not  have  exifted,  if  the  filaments  could  more 
eafily  have  grown  longer.  Other  inflances  of  fimilar  ftruCture  are 
•related  in  SeCt.  VII.  2.  2.  of  this  work. 

It  is  probable,  that  fimilar  obfervations,  and  a confequent  reafon- 
ing  on  them,  might  be  applied  to  many  other  kinds  of  flowers  fo  as 
to  detect  the  mod  unchangeable  parts  of  them  : but  great  time,  la- 
bour, opportunity,  and  ingenuity,  would  be  required  to  eftablifh 
from  them  the  moft  invariable  and  mod  natural  clafles  of  ve<re- 

O 

tat  ion. 

4.  Many  different  proportions  and  fituations  and  forms  of  the  fila- 
ments are  enumerated  in  the  Philofophia  Botanica  of  Linnaeus  ; 
fome  of  which  might  poflibly  have  become  claffical  characters,  if  he 
had  turned  his  attention  to  them,,  and  given  them  adapted  names ; 
as  he  has  done  to  thofe  clafles,  which  he  has  derived  from  the  fitu- 
ations of  the  fexual  organs,  as  didynamia,  tetradynamia,  fyngenefia, 
and  others,  which  approach  nearer  to  natural  clafles,  and  are  fubjeCt 
to  lefs  variation  than  the  numerical  ones. 

Some  of  thofe  collections  of  plants,  which  Linnasus  has  termed 
natural  orders,  and  fome  of  thofe  of  Ray,  and  Tournefort,  might 

4 perhaps 


Sect.  XX.  4. 


NATURAL  CLASSES. 


57l 


perhaps  have  had  names  affixed  to  them,  denoting  the  frtuations  or 
proportions  or  forms  of  their  {lamina,  and  have  thus  confbtuted  na- 
tural claffes  in  the  Linnaean  fyflem.  Thus  for  example  the  natural 
order  of  graffes  might  perhaps  have  had  a name  denoting  their 
long  capillary  filaments.  The  natural  order  of  graffes  is  fo  confpi- 
cuous,  as  to  have  ffruck  all  beholders  ; they  conftitute,  it  is  faid, 
nearly  a fixth  part  of  the  vegetable  kingdom,  efpecially  in  open 
countries  ; the  leaves  are  not  eafily  broken  by  being  trampled  on, 
but  die  in  winter,  becoming  yellow  and  dry  ; but  what  is  wonder- 
ful, they  are  faid  to  revive  in  the  fpring,  and  become  green  again. 
This  natural  order  of  plants  has  been  divided  into  cerealia  and  gra- 
mina,  corn  and  graffes  ; which  however  only  differ  in  refpect  to  the 
fize  of  the  feeds.  It  is  much  difunited  by  the  numerical  diflin&ions 
of  the  fexual  fyflem,  as  fome  graffes  belong  to  the  clafs  monandria, 
diandria,  triandria,  and  hexandria  ; and  thofe  of  the  triandria,  and 
hexandria,  ara  either  hermaphrodite,  or  monoecious,  or  polygamous 
plants.  Of  thefe  a very  curious  and  extenfive  table  is  given  in  the 
Prseledtiones  in  Ordin.  Natur.  a Gifeke  Hamburg.  1792,  p.  138. 

A great  part  of  the  natural  order  of  caryophyllei,  in  which  the 
number  of  the  flamina  is  very  variable,  are  obferved  by  Mr.  Milne 
to  have  their  filaments  alternately  attached  to  the  claws  of  the  petals 
and  to  the  receptacle,  and  might  poffibly  have  a clafiical  denomina- 
tion from  that  circumflance.  Botan.  Die.  Art.  Caryophyllei. 

The  five  flamina  of  the  umbellated  plants  in  the  clafs  of  pentan- 
dria  digynia,  with  five  petals,  two  feeds,  above ; which  are  term- 
ed umbellatae  in  the  natural  orders  of  Linnaeus  j as  they  diverge  from 
each  other,  might  perhaps  be  called  five  flarred,  or  cinque-pointed 
flamina  from  this  fituation.  And  in  part  the  natural  order  of  plants 
termed  flellatae  by  Linnaeus,  as  galium,  and  afperula ; which  belong 
to  the  clafs  tetandria  monogynia  with  one  petal,  two  berries,  above; 
the  four  diverging  flamina^  might  perhaps  be  termed  cruciform,  as 
they  oppofe  each  other.  And  thus  thefe  natural  colle&i-ons  of  vege- 
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tables  might  acquire  a claflical  denomination  from  the  fituations 
of  their  (lamina,  or  perhaps  from  the  form  of  their  filaments  or 
anthers. 

To  thefe  fituations  and  proportions  of  the  (lamina,  with  many 
others,  might  be  added  the  form  of  the  filaments,  as  capillary,  flat,, 
wedgeform,  fpiral,  avvled  ; and  alfo  the  forms  and  fituations  of  the 
anthers,  as  globular,  oblong,  arrowy,  angular,  horned.  Which 
may  be  feen  in  the  Philofophia  Botanica  of  Linnaeus,  p.  65  j or  a 
tranflation  of  them  in  Miln’s  Botanical  Dictionary,  under  the  titles 
of  filament  and  anther.  All  which,  I fuppofe,  are  much  lefs  vari- 
able by  foil  or  climate,  than  the  numbers  of  their  refpedtive  fexual 
organs,  and  would  in  the  hands  of  an  ingenious  botanifl:  form  more, 
natural  clafllfications. 

5.  Claflical  characters  might  perhaps  be  taken  from  the  length  of 
the  filaments  compared  to  that  of  the  ftyle,  with  fome  other  con- 
comitant circumllances ; as  firft  where  they  are  fomewhat  (horter 
than  the  flyle,  as  in  the  pendent  bell-flowers  of  lily,  fritillaria,  cam^ 
panula.  Secondly  where  the  filaments  are  more  than  twice  as  (hort 
as  the  (lyle,  as  in  meadia,  cyclamen,  folanum,  borago,  fufchia. 
Or  thirdly  where  the  filaments  are  more  than  twice  as  long  as  the 
(lyle,  and  in  the  natural  order  of  graffes.- 

Secondly,  the  unequal  heights  of  the  filaments  at  the  firft  opening 
of  the  coroh  In  many  flowers  the  inferior  fet  of  (lamina  rile  up  to 
the  (ligma,  when  the  higher  fet  have  difcharged  their  pollen.  To 
thefe  fituations  of  the  (lamina  may  alfo  be  added  their  number,  as  in 
the  two  very  natural  clafles  of  Linnaeus,,  the  didynamia  and  the  te- 
tradynamia.  One  of  thefe  might  be  termed  two  higher  than  two  ; 
the  other  four  higher  than  two.  To  which  might  perhaps  be  added 
a third  clafs,  of  many  higher  than  many;  as  fix  above  fix  in  lithrum 
lalicaria,  five  above  five  in  lychnis. 

Thirdly,  the  different  infertions  of  the  filaments,  as  firff  on  the 
calyx,  which  principally  diftinguilhes  the  clafs  icofandria  of  Lin- 
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naeus*  and  which  thus  approaches  towards  a natural  clafs.  Secondly 
on  the  receptacle,  which  diftinguilhes  the  clafs  polyandria  of  Lin- 
naeus, vvhich  alfo  approaches  toward  a natural  clafs.  And  thirdly, 
the  infertion  of  the  filaments  alternately  to  the  claws  of  the  petals, 
and  to  the  receptacle  ; which  diflinguifhes  a part  of  the  natural- 
order  of  the  caryophyllei,  in  which  the  number  of  the  {lamina  is 
very  various. 

Fourthly,  the  fituation  of  the  filaments  in  refped  to  each  other ; * 
as  firfl  in  the  natural  order  of  Linnaeus  termed  ftellatae,  or  a part  of 
the  tetrandria  monogynia  ; the  diverging  filaments  oppofe  each  other, 
and  might  be  termed  cruciform,  as  in  galium,  afperula.  Or  fe- 
condly,  where  five  diverging  filaments  aflume  the  appearance  of  a 
flar,  as  in  the  natural  order  of  umbellatae,  or  a part  of  pentandria  di- 
gynia,  and  might  have  a name  borrowed  alfo  from  their  number, 
like  five-ftarred,  or  cinque-pointed,  applied  to  the  filaments,  as  men- 
tioned above. 

Fifthly,  the  adhefions  of  the  filaments  to  each  other  at  their  bafe. 
This  has  given  names  to  three  claffes  of  the  Linnsean  fyftem,  which 
approach  to  natural  ones,  under  the  term  of  brotherhoods ; as  firfl, 
where  the  filaments  all  adhere  at  their  bafe,  as  in  the  clafs  monadel- 
phia  ; fecondly,  where  they  adhere  in  two  fets,  as  in  the  clafs  dia- 
delphia  ; and  thirdly,  where  they  adhere  in  many  fets,  as  in  the 
clafs  polyadelphia. 

Sixthly,  the  adhefions  of  the  filam'ents  to  the  corol,  as  where 
they  adhere  more  than  half  their  length  to  the  internal  part  of  it, 
as  in  many  monopetalous  flowers,  as  primula,  auricula  ; or  where 
the  filament  arifes  from  the  petal,  or  where  the  anthers  adhere  to  the 
margin  of  the  petal,  as  in  many  of  the  natural  order  of  fcitamine^, 
as  obferved  in  the  Prselefl.  in  Ord.  Natur.  a Gifeke,  p.  1890 

Seventhly,  where  the  filaments  adhere  to  the  ftyle,  as  m the  clafs 
gynandria,  which  approaches  to  a natural  one. 

Eighthly,  the  fituations  of  the  {lamina  not  in  the  fame  flowers 
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with  the  piflfllum.  This  has  alfo  given  names  to  three  clafi'es  of  the 
Linnasan  fyftem,  monoecia,  dioecia,  polvgamia. 

Ninthly,  the  connexion  of  the  anthers,  which  has  given  the  name 
to  the  clafs  fyngenefia,  which  excepting  the  laft  order,  is  a wonder- 
fully extenfive  and  natural  clafs. 

To  thefe  varieties  of  fituation,  proportion,  and  adhefion,  of  the 
filaments,  may  be  added  thofe  of  the  anthers  on  their  fummits  ; 
which  to  an  attentive  obferver  may  perhaps  be  as  numerous  as  thofe 
of  the  filaments,  and  to  thefe  may  again  be  added  the  various  forms 
of  the  filaments,  as  capillary,  flat,  wedgeform,  fpiral,  feathered,  &c. 
and  alfo  the  various  forms  of  the  anthers.,  as  oblong,  globular,  ar- 
rowy, angular,  horned.  All  which  are  defcribed  in  the  Philofophia 
Botanica.  And  by  an  adoption  of  fome  of  thefe  feparately  or  in 
conjunction  for  clafiical  characters,  I fhould  hope  that  new  claflifica- 
tions  might  be  difcovered  inftead  of  thofe,  which  are  Amply  numeri- 
cal. Which  might  be  more  natural  ones,  lefs  fubjedt  to  variation, 
eafier  to  be  diftinguifhed  from  each  other,  and  more  fimilar  in  their 
good  or  bad  qualities ; and  might  thus  add  to  the  great  beauty  and 
utility  of  the  prefent  wonderful  arrangement  of  fo  many  thoufand 
vegetables  in  the  Linnaean  fyftem. 

6.  The  fame  obfervations  and  mode  of  reafoning  are  applicable  to 
the  various  orders  of  the  fexual  fyftem.  Which  if  the  great  Lin- 
naeus had  fortunately  deduced  them  from  the  proportions,  fituations, 
or  forms  of  the  flyles  and  ftigmas,  the  charadteriftic  figns  might 
have  been  lefs  liable  to  change  by  foil  or  climate,  and  many  of  the 
orders  have  been  more  natural  colledlions  of  vegetables,  than  thofe 
are,  which  he  has  derived  Amply  from  their  number. 

The  uncertainty  of  the  number  of  piftilla,  and  the  confufion, 
which  might  be  occafioned  by  a reliance  on  it,  was  mentioned  in 
No.  2 of  this  fedtion  ; there  is  a nigella  pentagyna,  and  a nigella 
decagyna ; there  is  an  hypericum  floribus  pentagynis,  trigynis, 
and  digynis ; and  in  the  whole  order  of  fruftraneous  polygamy  in 
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the  clafs  fyngenefia  the  florets  of  the  ray  are  furnifhed  with  a Ryle 
and  no  fligma,  as  in  the  funflower. 

The  flowers  of  the  polygonum,  whofe  claffical  character  is  oc- 
tandria,  and  its  order  trigynia,  affords  many  inflances  of  the  uncer- 
tainty of  the  number  of  the  fexual  organs,  both  in  refpecl  to  the 
flamina  and  piff ilia.  Thus  the  fpecies  4,  5,  6,  7,  poffefs  hut  five 
flamina  in  each;  the  fpecies  8,  9,  10,  have  each  of  them  fix 
(lamina,  and  the  eleventh  fpecies  has  feven  flamina.  And  laflly  the 
fpecies  4,  5,  6,  8,  9,  11,  12,  have  each  of  them  but  two  piftilla, 
and  all  the  reft  three  piflilla. 

From  thefe  and  other  innumerable  inftances  there  is  reafon  to  con- 
clude, that  the  proportions,  fituations,  and  forms  of  the  ftyle  and 
fligma,  to  which  might  be  added  their  number  conjointly,  would 
have  made  effential  characters  for  the  orders,  which  would  have  been 
lefs  variable  than  thofe  derived  only  from  the  number  of  them,  and 
would  have  rendered  them  more  natural  collections. 

7.  The  characters  of  the  orders  might  be  deduced  firft  from  the 
length  of  the  ftyle  compared  with  that  of  the  filaments  as  where 
the  ftyle  is  more  than  twice  as  long  as  the  filaments,,  as  in  meadia, 
cyclamen,  folanum,  fufchia.  Secondly,  where  the  ftyle  is  about 
one  third  longer  than  the  filaments,  as  in  lilium,  fritillaria,  carm- 
panula,  and  many  other  bell-flowers.  Thirdly,  where  the  ftyle  is 
very  fhort  compared  to  the  filaments,  as  in  poppies. 

2.  The  characters  of  the  orders  might  be  deduced  from  the  cur- 
vatures of  the  ftyle.  As  firfl,  where  the  ftyle  bends  into  a curve 
over  the  anthers  to  bring  the  fligma  into  contaCl  with  them,  as  in 
nigella,  devil  in  the  bufh.  Secondly,  where  the  ftyle  bends  into  a 
circle  like  a french-horn  to  accommodate  the  fligma  to  two  fets  of 
flamina  in  fucceflion,  firfl  the  lower,  and  then  the  higher,  as  in 
fpartium  fcoparium,  common  broom.  Thirdly,  where  the  ftyle  is 
crooked  in  the  middle  of  it,  making  a kind  of  zigzag,  to  lower,  the 
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ftigma  to  the  anthers  beneath  it,  as  in  hemerocallis  fulva,  tawny 
-day-lily. 

5.  Characters  might  be  deduced  from  the  attitude  of  the  ftyle  ; as 
where  it  is  pendent,  that  the  ftigma  may  be  accommodated  to  the 
anthers  above  it,  as  in  many  bell-flowers.  Secondly,  where  it  is 
inclined  at  a confiderable  angle  to  accommodate  the  ftigma  to  the  in- 
clined anthers,  as  in  epilobium,  willow-herb,  and  gloriofa  fuperba. 
Thirdly,  where  the  ftyle  is  ereCt,  to  adapt  the  ftigma  to  the  upright 
anthers,  as  in  many  flowers. 

4.  Where  the  divisions  of  the  ftigma  expand,  and  bend  down  to- 
ward the  anthers  beneath  them,  as  in  fome  kinds  of  dianthus,  pink, 
and  in  epilobium. 

5.  The  total  abfence  of  the  ftyle  might  mark  an  order. 

6.  The  total  abfence  of  the  ftigma,  which  is  a chara&eriftic  mark 
of  the  florets  of  the  ray  in  the  order  fruftraneous  polygamy  of  the 
clafs  fyngenefia. 

7.  Where  the  ftyle  adheres  to  the  ftamina,  as  in  the  natural  order 
of  Linnaeus  termed  calamariae,  as  obferved  in  Philof.  Botanica,  No. 
102,  on  the  Piftilla,  p.  68. 

1 L #J 

8.  Where  the  ftyle  fupports  the  ftamina  as  in  the  clafs  gynan- 
dria. 

9.  Where  the  ftyle  appears  to  exift  both  above  and  below  the 
germ,  as  in  capparis,  euphorbia. 

10.  The  lateral  adhefion  of  the  ftyle  to  the  germ,  as  in  one  of 
the  natural  orders  of  Linnaeus,  which  he  has  termed  fenticofae,  or 
briers,  which  includes  the  rofe,  rafpberry,  ftrawberry,  agrimony,  al- 
chemilla,  and  many  others,  which  might  be  named  from  the  lateral 
adhefion  of  the  ftyle  to  the  germ,  which  Linnaeus  aflerts  to  exift 
both  in  the  natural  order  above  mentioned,  and  in  the  order  Icofan- 
dria  polygyna.  Philof.  Botan.  p.  67. 

If  to  thefe  proportions  or  fituations  of  the  ftyle  were  added  the  va- 
rieties 
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rieties  of  its  figure,  as  cylindrical,  angular,  awled,  capillary;  and  to 
thefe  were  again  added  the  divifions  of  the  ftigma,  as  convolute,  re- 
volute, fix-parted,  many-parted.  And  to  thefe  were  again  added 
the  various  forms  of  the  ftigma,  as  globular,  egged,  end-nicked, 
cruciform,  feathery,  &c.  which  are  enumerated  in  the  Philofophia 
Botanica ; there  is  great  reafon  to  believe,  that  charaCteriftic  marks 
of  all  the  orders  of  plants  might  be  deduced  and  named  from  fome  of 
thofe  circumftances  feparately  or  conjointly ; which  might  diftin- 
guifti  them  from  each  other  with  greater  eafe  and  certainty,  and  by 
marks  lefs  variable  by  foil  or  climate,  than  by  the  number  alone  ; 
and  by  rendering  them  more  natural  add  to  the  beauty  and  utility  of 
the  Linnaean  fyftem. 


Conclufion. 

Neverthelefs  I am  well  aware  of  the  great  general  inconvenience 
of  altering  fo  extenfive  a fyftem  once  eftablifhed,  and  am  forry  to  fee 
fome  idle  efforts  to  add  the  claffes  already  deduced  from  fituation  or 
proportion  to  thofe,  which  are  fimply  numerical ; and  thus  rather  to 
deteriorate  than  to  improve  the  prefont  fyftem  of  the  great  mafter. 

I profefs  myfelf  incapable  to  execute  the  plan,  which  I have  here 
fuggefted,  as  it  would  require  a moft  exaCt  knowledge  of  the  detail  of 
botany,  as  well  as  of  the  outline  ; would  require  many  years  of  un- 
remitted application,  with  every  opportunity  of  vifiting  botanic  gar- 
dens, or  examining  dry  collections,  and  inipeCting  prints  and  draw- 
ings of  vegetables  ; and  would  demand  a genius,  which  few  poffefs, 
capable  of  reducing  the  complex  and  intricate  to  the  fimple  and  ex- 
plicit. 

But  if  the' fyftem  of  the  great  Linnaeus  can  ever  be  intrinfically 
improved,  I am  perfuaded,  that  the  plan  here  propofed  of  ufing  the 
fituations,  proportions,  or  forms,  with  or  without  the  numbers  of 

^ E the 


578  NATURAL  CLASSES,.  Sect.  XX.  7. 

the  fexual  organs,  as  eriterions  of  the  orders  and  clafles,  muft  lay  the 
foundation  ; but  that  it  muft  require  a great  architect  to  eredt  the 
fuperftrudture.  And  my  principal  defign  in  adjoining  this  imperfedt 
fketch  at  the  end  of  this  work  was  to  warn  thofe  botanifts,  who  have 
began  to  interweave  fome  of  the  Linnaean  clafles  deduced  from  fitu- 
ation  or  proportion  of  the  fexual  organs  into  thofe  diftinguilhed  Am- 
ply by  number,  that  they  fo  far  contribute  to  deteriority  the  great 
fyftem,  which  they  mean  to  amend. — At  the  fame  time  I much  ap- 
plaud, and  beg  leave  to  recommend  to  the  attention  of  the  public,  the 
fuperb  pidtorefque  botanical  coloured  plates  now  publiftiing  by  Dr„ 
Thornton,  which  I fuppofe  have  no  equal. 
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i.  To  be  infer  ted  before  the  laji  paragraph  of  ScB.  IV.  2.  1.  at  p.  45, 

line  2 i* 

In  the  prefent  year  1799,  Auguft  18,  there  was  an  uncommon 
fummer-flood  on  the  Derwent,  which  covered  my  garden  above 
three  feet  deep  with  muddy  water.  Many  plants  of  the  rheum  hy- 
bridum,  mule  rhubarb,  which  were  tranfplanted  in  the  fpring,  and 
had  not  flowered,  had  their  large  pointed  leaves  covered  with  mud, 
fo  as  to  render  the  green  colour  totally  invifible  after  the  water  fub- 
fided.  They  appeared  ftrong  as  before  for  a day  or  two,  and  then 
every  one  withered  and  dropped  down.  The  fame  happened  to 
the  leaves  of  many  other  vegetables,  and  to  efpallier  apple-trees,  as 
high  as  they  were  immerfed  ; which  was  doubtlefs  owing  to  their 
refpiration  being  precluded  by  the  veil  over  them  of  a fine  tenacious 
mud.  See  Se&.  VII.  2.  6. 

2.  To  be  inferted  in  SeEl.  VII.  2.  6.  at  p.  1 1 5,  after  line  23. 

The  rheum  hybridum,  mule  rhubarb,  defcribed  in  Murray’s  Syf- 
tema  Vcgetabilium,  edition  the  fourteenth,  I believe  to  be  produced 
between  the  palmated  rhubarb,  and  the  common  rhubarb  of  our  gar- 
dens, or  rheum  rhaphonticum  ; as  it  appeared  both  in  my  garden 
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and  my  neighbours  amongft  a mixture  of  thofe  two  kinds  of  rhu- 
barb,  without  being  previoufly  placed  or  Town  there.  The  leaf  is 
very  large  and  pointed,  without  being  palmated,  and  is  a week  or 
two  forwarder  in  the  fpring  than  either  of  the  other  rhubarbs,  and 
the  peeled  ftalks  are  aflerted  by  connoiileurs  in  eating  to  make  the 
beft  poflible  of  all  tarts,  much  fuperior  to  thofe  of  the  palmated  or 
raphontic  rhubarb  ; and  are  fo  much  more  valuable  as  a luxury,  as 
they  precede  by  a month  the  goofeberry  and  early  apple  ; and  may 
be  well  propagated  by  dividing  the  roots,  as  they  do  not  produce 
feed  In  all  fummers.  See  Se6L  IV.  2.  1 . 


3.  To  be  Infer  ted  at  the  end  of  Sehl.  X.  4.  9.  p.  207^ 

Mr.  Ruckert  planted  two  beans  in  pots  of  equal  fize  filled  with 
garden-mould  ; the  one  was  watered  almoft  daily  with  diftilled  wa- 
ter, and  the  other  with  water  impregnated  with  carbonic  acid  gas,  in 
the  proportion  of  half  a cubic  inch  to  an  ounce  of  water  ; and  both 
of  them  were  expofed  to  all  the  influence  of  the  atmofphere  except 
to  the  rain.  The  bean  treated  with  the  carbonic  acid  water  appeared 
above  ground  nine  days  fooner  than  that  moiftened  with  diftilled  wa- 
ter, and  produced  twenty-five  beans;  whereas  the  other  pot  pn>* 
duced  only  fifteen.  The  fame  experiment  was  made  on  ftock-july 
flowers,  and  other  plants  with  equal  fuccefs.  An.  Chym.  1788. 

4.  To  be  infer  ted  at  the  end  of  Seif.  X.  7.  7.  p.  228. 

Befides  which  the  vitriolic  acid  abounding  in  many  clays,  when 
brought  into  contact  with  mild  calcareous  earth,  by  the  various  ope- 
rations of  agriculture,  muft  unite  with  it,  and  fet  at  liberty  the  car- 
bonic acid  either  in  a fluid  form,  or  a gafleous  form  beneath  the  foil ; 
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which  is  known  to  be  fo  friendly  to  vegetation,  when  applied  to  the 
roots  of  plants;  and  at  the  fame  time  a gypfum  will  be  produced,, 
which  is  now  alfo  believed  to  be  ufeful  in  agriculture. 

Mr.  Kirwan  aflerts,  “ That  the  gypfum  ufed  with  fuccefs  in  agri- 
culture is  of  a fibrous  texture  ; and  that  clay  lands,  he  believes,  to 
be  more  improved  by  it  than  calcareous  ones.  The  time  of  fpread^ 
mg  it  is  in  February  or  March,  and  it  is  then  to  be  thinly  ftrewed 
on  grafs-land  at  the  rate  of  about  eight  bulhels  to  an  acre as  more 
he  fays  would  be  hurtful.*  He  further  adds  that  the  theory  of  its 
effects  is  to  be  deduced  from  its  extraordinary  fceptic  power ; as  it  is 
found  to  accelerate  putrefaction  in  a higher  degree  than  any  other 
fubftance,  (Hiftoire  de  Putrefaction,  p.  36),  whence  it  is  not  to  be 
ploughed  in,  but  barely  to  be  ftrewed  on  the  furface  of  the  land  in 
the  month  of  February,  to  convert  the  old  grafs  quickly  into  coal  to 
nourilh  the  young  growths.” 

I have  tranfcribed  the  above  from  Mr.  Kirwan^s  Treatife  on  Ma<° 
nures,  but  am  liable  to  doubt  the  experiments  concerning  bodies 
promoting  putrefaction;  as  the  progrefs  of  that  procefs  has  generally 
been  only  judged  of  by  the  odour  ; which  may  poflibly  be  altered  or 
deftroyed  by  many  bodies,  by  their  uniting  with  it  without  other- 
wife  affeCting  the  tendency  to  diffolution.  Add  to  this  another  cir- 
cumftance,  fhewing  the  uncertainty  of  thefe  deductions,  that  fdme 
of  thefe  antifeptic  materials,  as  fea-falt,  and  lime,  are  faid  to  pro- 
mote putrefaction,  when  ufed  in  fmall  quantities ; and  to  fupprefs 
it,  when  ufed  in  large  ones. 


5.  To  be  infer  ted  in  Seff.  XIII.  2.  2.  at  the  end  of  the  paragraph  wbich- 
mentions  Mr.  Lawrence's  letter  to  Mr.  Bradley. 

Another  thing,  which  renders  low  fituations  lefs  proper  for  gar- 
dens,,  is,  that  I believe  them  to  be  much  more  liable  to  be  infefted 
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by  the  aphis  ; as  leaves  of  the  nut-trees  in  my  garden  on  the  banks 
of  the  Derwent  are  every  year  crowded  with  innumerable  aphifes 
on  their  inferior  furfaces,  and  yet  I have  feen  few,  if  any  of  them,  on 
nut-trees  in  fome  higher  fituations,  which  I happened  to  infpett.  Add 
to  this,  that  the  great  honey-dew,  mentioned  in  Sett.  XIV.  1.  7. 
was  produced  on  a row  of  willows  by  the  fide  of  water.  This  may 
neverthelefs  be  in  part  afcribed  to  fome  other  local  -circumftance  ; as 
I this  year  obferved  numerous  large  black  aphides  round  the  ftalks  of 
garden-beans  on  a clayey  foil,  which  did  not  exift  in  my  garden, 
which  may  be  called  a carbonic  foil.  Though  on  the  peach  and  nec- 
tarine trees,  againft  the  walls  in  my  low  garden,  and  on  fome  plum- 
trees,  the  aphides  exift  almoft  every  year  in  fuch  deftruttive  mul- 
titudes as  to  prevent  the  fruit  from  fucceeding,  and  thence  to  render 
them  not  worth  cultivation  ; and  to  render  the  leaves  of  the  nut- 
trees  lefs  in  fize,  and  lefs  prolific  than  other  nut-trees  on  a more  ele- 
vated and  clayey  foil,  with  which  I this  year  compared  them. 

Why  the  aphis  fhould  be  fo  much  more  numerous  in  moift  fitua- 
tions is  a curious  fubjett  of  inquiry,  but  is  fo  fimilar  to  another  ani- 
mal fatt,  that  they  may  illuftrate  each  other.  The  cough  and  con- 
fequent  confumption  of  fheep,  which  occurs  annually  in  moift .fitua- 
tions, is  owing  to  an  infett  called  a fleuk-worm,  about  the  fize  and 
ftiape  of  a child’s  finger-nail,  which  creeps  up  the  gall-dutts  from  the 
inteftines,  and  preys  upon  the  livers  of  fheep ; as  may  be  feen  in 
moift  feafons  in  our  fhambles.  This  feems  to  occur  from  the  bile 
becoming  too  dilute  from  fo  much  watery  nourifhment  in  thofe  ani- 
mals, and  that  thence  it  does  not  poflefs  fufficient  bitternefs  or  acri- 
mony to  prevent  the  depredation  of  thcfe  infetts,  as  in  drier  feafons. 
On  the  fame  account  I fufpett  the  juices  of  nut-trees  and  of  willows 
planted  in  very  moift  fituations  may  be  rendered  too  dilute  ; but  that 
in  higher  fituations  they  may  poflefs  fufficient  acrimony  or  bitternefs 
mixed  with  the  fap-juice  to  prevent  the  depredations  of  the  aphis. 
See  Sett.  XIV.  2.  8. 
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6.  To  be  infer  ted  at  the  end  of  Sefl.  X.  5.  3. 

Phofphorated  lime  is  faid  to  be  found  in  the  greateft  quantity  in 
wheat,  where  it  contributes  to  the  formation  of  the  gluten,  which 
is  thence  not  improperly  denominated  by  fome  writers  animal  glu- 
ten ; which  in  rainy  years  has  been  obferved  by  Witwer  to  be  in 
fmaller  quantity  Diflert.  II.  p.  103.  Hence  the  ufeof  bone-alhes  as 
a manure  for  wheat,  as  obferved  by  Mr.  Kirwan.  Eflay  on  Manures, 

P-  S3- 

7.  To  be  inferted  at  the  end  of  Sett.  VI.  10. 

Befides  the  various  fecretions  above  defcribed  Brugmanns  is  faid 
by  Humbolt  to  have  (hewn,  that  plants  void  an  excrement  like  ani- 
mals, which  might  be  noxious  to  them,  if  retained  ; that  he  put 
the  plant,  lolium,  ray-grafs,.into  a glafs  of  water,  and  obferved  daily 
at  the  extremities  of  the  roots  a fmall  drop  of  a vifcous  material ; 
which  he  detached  and  found  to  be  renewed  on  the  next  day.  But 
this  I iufpedt  to  have  been  produced  by  the  death  and  confequent 
decompolition  of  the  extremities  of  the  roots  in  their  unnatural  fitua- 
tion.  Journ.  de  Phyfique  Delametherie,  T.  IV.  p.  388. 

8.  To  be  inferted  at  the  end  of  Sebl.  XIV.  4.  2. 

In  the  T ran  factions  of  the  American  Philofophical  Society  there- 
is  a paper  (hewing,  that  the  water-rats  of  that  part  of  the  country  are 
(o  liable  to-be  affedted  with  tape-worm,  as  is  (uppofed  much  to  di- 
mini(h  their  numbers.  In  this  country  many  animals,  as  I believe 
dogs,  cats,  and  geefe,  as  well  as  the  human  fpecies*  are  afflidted  with 
this  intefline  enemy.  Could  lome  of  thcfe  difeafed  American  rats  be 
6 imported^ 
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imported  into  this  country,  and  propagate  their  malady  amongft  the 
■native  rats  of  this  climate  ? 

9.  To  be  inferted  at  the  end  of  Sebf.  X.  7.  8.  p.  228. 

Having  now  fpoken  of  carbon,  of  lime,  and  of  clay,  which  with 
.filiceous  fand  conftitute  the  principal  ingredients  of  fertile  foils,  fome 
rules  may  be  required  for  diftinguifhing  the  goodnefs  of  foils  by  the 
■purchafer,  as  well  as  by  the  pofleflor.  For  this  purpofe  the  chemical 
analyfis  would  firft  prefent  itfelf,  as  attempted  by  Fordyce,  many 
years  ago,  and  lately  by  Giobert,  Bergmen,  Kirwan,  and  others. 

M.  Giobert  found,  that  one  pound  of  a fertile  foil  in  the  vicinity  of 
Turin  contained  of  carbonic  matter,  which  would  burn  and  flame, 
about  twenty-five  grains,  of  flinty  fand  about  4400  grains,  of  clay 
about  600  grains,  of  lime  about  400  grains,  andlaftly,  of  water  about 
70  grains.  The  fame  author  found  that  one  pound  of  fome  barren 
foils  was  compofed  of  filiceous  earth  about  3000  grains,  of  argillace- 
ous earth  about  600  grains,  and  of  calcareous  earth  about  400  grains, 
and  I fuppofe  without  any  carbonic  matter. 

Mr.  Kirwan  ingenioufly  obferves,  that  the  quantity  of  moifture, 
which  fome  countries  are  more  liable  to  than  others,  fhould  be  nicely 
attended  to,  at  the  fame  time  that  you  eftimate  the  fertility  of  land 
by  its  analyfis,  as  moift  climates  or  fituations  may  require  more  fand 
than  drier  ones ; and  therefore  the  fame  component  parts  of  foil 
would  not  be  the  raoft  fertile,  on  both  the  weftern  and  eaftern  coafls 
of  this  ifland  ; as  the  former  experiences  more  rain  than  the  latter ; 
nor  on  the  fummit,  declivity,  and  bafe  of  mod  mountains,  which 
.differ  in  their  degree  of  moifture. 

It  appears  from  hence,  that  the  chemical  analyfis  of  foils  is  not  yet 
.arrived  at  fufficient  accuracy  to  be  depended  upon  with  certainty  to 
-difcover  their  degrees  of  fertility.  But  as  the  parbonic  part  of  foil 
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probably  contributes  molt  to  the  growth  of  vegetables,  and  next  to 
that  the  calcareous  part ; there  is  reafon  to  conclude,  that  if  a few 
pounds  of  different  foils  are  dried  by  the  fame  degree  of  heat,  and 
then  weighed,  and  afterwards  expofed  to  a red  heat  in  an  open  fir^* 
that  the  foil,  which  lofes  mofl  weight,  is  probably  the  moft  fertile  ; 
becaufe  the  carbonic  matter  will  almoll  all  efcape  in  flame,  and  almoU 
half  the  weight  of  the  calcareous  earth  in  carbonic  acid. 

Another  method  of  giving  fome  conjecture  concerning  the  fertility 
of  a foil  may  be  by  examining  its  fpecific  gravity  ; as  the  fpecific  gra- 
vity of  garden-mould  is  faid  by  Mufchenbroek  to  be  1,630,  compar- 
ed to  1,000  of  water.  And  Fabroni  found  the  fpecific  gravity  of 
barren  fandy  land  to  be  2,210  to  1,000  of  water.  This  experiment 
would  not  be  difficult  to  try  with  fufficient  accuracy  by  drying  two 
different  foils  at  an  equal  diftance  from  a fire,  or  in  the  fame  oven, 
and  then  weighing  a pound  of  each  in  a thin  bladder  with  apertures 
near  its  top  or  neck  ; and  then  letting  the  bladder  fink  fo  low  into 
water,  as  to  admit  the  water  through  the  apertures  amongfl  the  foil ; 
and  laftly,  obferving  the  difference  between  their  refpeCtive  weights 
in  air,  and  in  water. 

Neverthelefs  the  method  moll  in  ufe  by  the  purchafers  of  land  to 
judge  of  its  value  is  by  attending  to  the  growth  and  colour  of  the  ve- 
getables, which  cover  it ; which  requires  an  experienced  eye,  and  can- 
not be  eafily  defcribed  in  words.  Add  to  this  that  vegetables,  which 
grow  wild  on  foils,  will  in  fome  meafure  indicate  the  nature  of  them. 
As  the  digitalis,  and  arenarea,  are  found  generally  on  fandy  foils,  the 
veronica  becabunga,  and  creffes  of  fome  kinds,  belong  to  moifl  fixa- 
tions, and  others  to  mountainous  ones.  A particular  catalogue  of  fuch 
plants,  as  fpontaneoufly  grow  in  different  fixations,  might  affifl  in  dis- 
covering the  degree  of  fertility,  and  the  nature  of  the  foil ; as  other 
flowers  by  the  time  of  their  opening  in  each  climate,  which  is  term- 
ed the  Calendar  of  Flora,  may  teach  the  temperature  of  the  feafon. 

In  fome  parts  of  the  country  the  fpontaneous  produ&ion  of  many 
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docks,  rumex,  has  been  reckoned  the  mark  of  an  inferior  foil,  and 
the  produ&ion  of  thirties,  ferratula  arvenfis,  to  be  a fign  of  a good 
one ; which  explains  a ftory  in  a black  letter  book  on  hulbandry, 
which  fays,  “ A blind  man  went  to  purchafe  a farm,  which  was  of- 
fered to  fale,  and  riding  over  the  pafture  land,  and  hearing  the  good- 
nefs  of  the  foil  much  applauded  by  the  poffeflor,  at  length  difmount- 
ed,  and  faid  to  his  fervant,  ‘ Tie  my  horfe  to  a thiftle  t*  ‘ Here  are 
no  thirties,’  replies  the  fervant,  * but  I can  tie  him  to  a dock.’ 
4 Then  I will  not  purchafe  the  land,’  fays  he,  and  mounting  his 
horfe  with  a good  morning  to  you,  Sir,  left  the  owner  of  the  ertate 
in  great  furprife.” 

ro.  To  be  infer  ted  at  the  end  of  Sett.  XV.  3.  7. 

To  difcover  when  the  feeds  of  herbaceous  plants  are  ripe,  as  of' 
wheat,  the  drynefs  or  rtraw-colour  of  the  ftem  is  in  general  a good 
criterion  ; as  when  the  ftem  dies,  and  becomes  bleached  by  the  oxy- 
gen of  the  atmofphere,  no  more  nutriment  can.  be  conveyed  to  the 
^mature  feed.  And  to ’determine  at  what  time  to  colleft  thofe  fruits, 
which  never  ripen  on  the  trees  in  this  climate,  as  crab-apples,  and 
baking-pears,  change  of  colour  or  fall  of  the  leaf  fhews,  that  they  can 
acquire  no  more  nourifhment,  and  may  receive  injury  from  the  ap- 
proaching froft. 

But  to  determine  when  our  beft  or  earlieft  apples  and  pears  are 
ripe  enough  to  gather,  that  is,  when  they  will  acquire  no  more  nu- 
triment from  the  tree,  depends  on  a very  curious  circumftance  of  the 
colour  of  the  ikin  of  the  feeds.-  During  the  infant  ftate  of  the  feed 
•there  is  no  cavity  round  them,  but  the  feed  is  in  contact  with  the 
feed-vertel,  as  may  be  feen  on  cutting  an-  unripe  pear  or  apple  ; and 
the  feed  therefore  is  perfectly  etiolated,  as  it  cannot  part  with  any  of 
its  oxygen.  Afterwards  when  there  is  no  more  depofition  of  nutri- 
tious 
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tious  matter  to  enlarge  the  fruit,  the  cells,  in  which  the  feeds  are 
contained,  become  hollow,  producing  an  air-veffel  for  the  living 
embryon ; of  what  purity  the  air  may  be,  which  is  produced  in 
thefe  cells,  has  not  I believe  been  tried,  and  may  differ  as  the  em- 
bryon-feed  grows  older ; but  the  oxygen,  which  it  contains,  feems 
to  have  been  difengaged  from  the  membranes,  which  cover  the  feeds, 
which  thence  become  coloured  ; whence  the  dark  colour  of  the  feeds 
of  apples  and  pears  is  a proper  criterion  of  the  time,  when  they  fhould 
be  gathered ; as  it  indicates,  that  the  fruit  will  no  longer  increafe  in 
fize,  as  it  now  wafles  and  becomes  hollow  by  abforbing  fome  of  the 
mucilage  from  the  central  parts  of  it. 


Sugar  is  not  only  afforded  by  the  fap-flow  of  trees,  as  the  maple, 
birch,  and  vine,  but  alfo  I fuppofe  from  that  of  herbaceous  vegeta- 
bles, as  heracleum  fpondilium,  cow  parfnip,  and  ferratula  arvenfis, 
field  thiftle  5 when  the  former  of  thefe  plants  has  been  cut  off  near 
the  ground  in  the  vernal  months,  the  fap-juice  from  the  flump  I 
have  obferved  to  flow  in  fuch  quantity  for  many  days,  that  I have 
doubted  whether  by  a proper  apparatus  for  catching  it  the  plant 
might  not  be  advantageoufly  cultivated  for  the  purpofe  of  making 
wine,  or  of  extracting  the  fugar  as  from  the  maple  of  America.  This 
circumflance  has  beenfaid  to  fhew  a proper  time  for  deflroying  the 
weeds,  as  if  they  be  mowed  in  the  bleeding  feafon,  they  are  believ- 
ed to  perifh  by  the  lofs  of  fap-juice. 

As  all  fpirit  is  the  fame,  when  nicely  diflilled,  whether  it  be  found 
in  wine,  ale,  cyder,  brandy,  rum,  gin,  and  is  the  product  of  fugar  by 
the  chemical  procefs  of  fermentation  ; and  as  all  fugar  is  the  fame, 
when  nicely  cleaned,  whether  it  be  obtained  from  fruits,  grains,  roots, 
canes*  or  fap-juice ; there  is  reafon  to  believe,  that  fugar  as  well  as 


11.  To  be  infer  ted  at  the  end  of  Sett.  VI.  5.  5. 
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fpirit  may  fome  time  or  other  be  economically  procured  from  the  ve- 
getables of  this  climate,  as  MargrafF  extracted  it  from  the  beet-root, 
and  from  potatoes.  For  the  ftrength  of  common  ale,  which  is  pro- 
duced from  the  fugar  contained  in  malt,  is  faid  to  be  about  the  fame 
as  that  of  fome  domeftic  wines,  which  owe  their  fpirit  to  prepared 
fugar.  And  as  in  the  former  a buftiel  or  flrike  of  malt  is  ufed  to 
about  fix  gallons  of  water,  and  in  the  latter  about  twenty  pounds  of 
iugar  to  fix  gallons  of  water,  it  fallows,  that  one  flrike  of  malt  con- 
tains about  twenty  pounds  of  fugar ; which  if  an  eafy  method  of 
cleaning  it  from  the  mucilage  and  from  the  effential  oil  of  the  feed 
could  be  difcovered,  it  may  fome  time  be  manufactured  at  home 
cheaper,  than  it  can  be  procured  from  abroad. 

We  may  add,  as  all  fugar  is  the  fame,  and  all  fpirit  is  the  fame, 
from  whatever  plant  they  are  procured  ; that  the  flavours  of  wines 
differ  from  each  other  folely  in  the  effential  oil,  which  they  contain, 
or  the  quantity  of  acidity,  or  of  fugar  not  yet  fermented  ; and  that 
in  refpeCl  to  wholefomenefs  wines  only  differ  from  each  other  in  their 
flrength  or  quantity  of  fpirit,  unlefs  where  fome  noxious  material 
has  been  ufed  to  fine  them,  or  to  counteract  their  tendency  to  the 
acetous  fermentation,  as  lead  has  been  employed  in  fome  of  the  cy- 
ders of  our  country,  and  in  fome  of  the  white  wines  of  France,  to 
correCt  their  acidity  ; and  it  is  faid  that  arfenic  is  occafionally  em- 
ployed for  the  purpofe  of  fining  white  wines. 

The  injurious  methods  of  fining  wines,  and  of  flopping  their  ten- 
dency to  acidity  having  been  mentioned,  the  innocuous  ones  ought 
to  be  fubjoined  ; for  the  former  it  has  been  propofed  to  filter  muddy 
wine  through  fine  fand  laid  on  a fieve  ; but  this  I am  told  does  not 
fucceed,  as  the  mucilage  of  the  foul  wine  foon  fills  up  the  interftices 
of  the  grain  of  finds  ; but  that  an  efficacious  method  is  to  fhower 
the  fine  fand  on  the  wine  through  a fieve  ; which  as  it  paffes  down 
by  its  own  weight  will  carry  the  mucilaginous  mud  of  the  wine 
along  with  it.  And  laflly,  if  fome  colouring  particles  cannot  thus  be 
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made  to  fubfide,  a little  more  fimple  mucilage  mu  ft  be  added,  as 
gum  arabic  or  whites  of  eggs,  and  a fand-fhower  be  again  paffed 
through  it. 

In  refpeCt  to  the  tendency  of  wines  to  become  vinegar,  this  I am 
informed  may  be  prevented  by  not  expofing  the  fermenting  mate- 
rial to  the  air  more  than  can  be  eafily  prevented,  as  it  is  the  union  of 
the  oxygen  of  the  atmofphere  with  the  fpirit  that  converts  it  into' 
vinegar  ; and  though  the  vinous  fermentation  proceeds  flower,  when, 
fecluded  from  the  air,  yet  it  finally  becomes  more  perfect ; as  the 
fugar  in  fweet  wines  continues  to  become  fpirit,  after  it  is  corked  up 
in  bottles,  though  the  procefs  is  flower,  and  the  wine  confequently 
becomes  flronger  as  it  grows  older,  and  the  fweetnefs  vanifhes^ 

Hence  I obferve  the  manufacturers  of  raifin -wines  fet  them  to  fer- 
ment in  large  cafks  with  only  the  bung-hole  open,  that  they  may  not 
be  too  much  expofed  to  the  atmofphere;  and  foon  flop  them  up  or 
bottle  them,  before  the  fweetnefs  vanifhes,  which  they  judge  of  by 
the  tafie. 

I was  once  told  by  a gentleman,  who  made  a confiderable  quan- 
tity of  cyder  on  his  own  eftate,  that  he  had  procured  veffels  of 
flronger  conftruCtion  than  ufual,  and  that  he  direCted  the  apple- 
juice,  as  foon  as  it  had  fettled,  to  be  bunged  up  clofe  ; and  that 
though  he  had  had  one  veffel  or  two  occafionally  burft  by  the  ex- 
panfion  of  the  fermenting  liquor,  yet  that  this  rarely  occurred,  and 
that  his  cyder  never  failed  to  be  of  the  moft  excellent  quality,  and 
took  a considerably  greater  price  at  market.. 

Nor  fhould  this  account  of  fermentation  be  concluded  without  ob° 
ferving,  that  it  converts  fugar,  which  is  a wholefome  nutriment  both, 
to  young  and  old,  into  fpirit,  which  is  a poifonous  material  to  all ; 
as  it  Simulates  the  whole  fyftem  into  too  violent  exertion  for  a few* 
hours,  and  leaves  it  afterwards  in  confeq-uence  torpid  and  inactive 
and  hence  that  the  ftrongeft  tvines  are  the  moft  pernicious,  and  that 
all  of  them  fhould  be  diluted  with,  water.  As  thofe  in  general,  who 
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drink  ale  to  e-xcefs,  acquire  the  gravel ; thofe,  who  drink  wine  to 
excefs,  acquire  the  gout ; and  the  drinkers  of  fpirits  die  of  the  drop- 
fy  ! — but  it  is  the  cuftom  of  mofl  of  the  inebriates  of  this  country  to 
begin  their  unfortunate  career  with  the  firft,  and  terminate  it  with 
the  laft. 

12.  To  be  inferred  at  the  end  of  Se£t,  X.  6.  8. 

An  important  paper  concerning  lime  is  this  year  publifhed  in  the 
Thilofophical  Tranfa&ions  by  Mr.Tennant,  who  having  been  inform- 
ed, that  two  kinds  of  lime  were  ufed  in  agriculture,  which  differed 
greatly  in  their  effects,  one  of  which  it  was  neceffary  to  ufe  fparing- 
ly,  and  to  fpread  very  evenly  over  the  land  ; for  it  was  faid,  that  a 
large  proportion  of  it  diminifhed  the  fertility  of  the  foil ; and  that 
wherever  a heap  of  it  had  been  left  on  one  fpot,  all  vegetation  was 
prevented  for  many  years.  And  that  of  this  kind  of  lime  fifty  or  fixty 
bufhels  on  an  acre  were  as  much  as  could  be  ufed  with  advantage  ; 
while  of  the  other  fort  of  lime  a large  quantity  was  never  found  to 
be  injurious ; and  that  the  fpots,  which  were  entirely  covered  with 
it,  became  remarkably  fertile,  inftcad  of  being  rendered  barren. 

Mr.  Tennant  having  analyfed  thofe  two  kinds  of  lime  found,  that 
the  latter  confifted  folely  of  calcareous  earth  ; but  that  the  former 
contained  two  parts  of  magnefia  with  three  parts  of  calcareous  earth. 
He  afterwards  obferved,  that  though  vegetable  feeds  would  grow 
equally  well  in  both  thefe  kinds  of  limeftone,  when  limply  reduced 
to  powder  ; yet  that,  when  they  were  calcined  fo  as  to  become  lime, 
and  both  of  them  ftrewed  about  the  tenth  of  an  inch  thick  on  gar- 
den mould,  that  the  magnefian  lime  prevented  nearly  all  the  feeds, 
which  had  been  fowed,  from  coming  up ; while  no  injury  was  occa- 
iioned  by  the  calcareous  lime  ufed  in  the  fame  manner. 

This  important  difcovery  feems  to  explain  the  caufe  of  fuch  variety 
of  opinion  about  the  ufe  of  lime,  which  fome  have  believed  to  be  of 

no 


ADDITIONAL  NOTES. 


59 1 


no  advantage,  and  even  injurious  to  land ; which  has  probably  been 
owing  to  their  having  ufed  the  magnefian  lime,  and  having  laid  on 
too  much  of  it. 

Mr.  Tennant  firft  found  magnefian  lime  near  the  town  of  Don- 
cafter,  and  afterwards  at  York,  at  Matlock  in  Derbyfhire,  and  at 
Breeden  in  Leicefterfhire,  and  at  Workfop  in  Nottinghamfhire.  He 
obferves,  that  the  cathedral  and  walls  of  York  are  built  with  this 
magnefian  limeftone ; and  that  at  Matlock  the  magnefian  and  cal- 
careous limeftones  are  contiguous  to  each  other  j the  rocks  on  the  fide 
of  the  river  Derwent,  where  the  houfes  are  built,  being  magnefian, 
and  on  the  other  fide  calcareous.  He  obferved  alfo  here,  that  the 
jnagnefian  limeftone  was  incumbent  on  the  calcareous ; for  in  de- 
fcending  into  a cave  formed  in  that  rock,  he  found  a feparate  vein  of 
calcareous  limeftone,  which  was  full  of  fhells,  but  contained  no  mag- 
nefia  ; and  obferves  in  general,  that  magnefian  limeftone  may  be  rea- 
dily diftinguifhed  from  the  calcareous  by  its  fo  much  flower  folution 
in  acids,  and  that  it  contains  generally,  very  few  fhells,  but  that 
thofe  alfo  are  impregnated  with  magnefia. 

As  all  limeftone  may  be  divided  into  three  kinds  ; the  rocks,  which 
remain,  where  they  were  formed  from  fhells  beneath  the  ocean,  ex- 
cept that  they  were  afterwards  elevated  by  fubmarine  fires  ; and  fe- 
condly  into  alluvial  limeftone,  as  thofe  which  have  been  diffolved  in 
water,  and  fimply  precipitated,  as  the  beds  of  chalk,  which  contain 
only  the  molt  infoluble  remains  of  fea-animals,  as  the  teeth  of 
fharks ; and  thirdly  thofe  which  after  having,  been  diffolved  and 
precipitated,  have  been  long  agitated  beneath  the  fea,  till  the  par- 
ticles have  been  rolled  fo  againft  each  other,  as  to  acquire  a globular 
form,  which  is  faid  to  referable  the  roe,  or  fpawn,  of  fifh,  and  which 
contain  very  few  fhells  or  none,  as  the  Ketton  ftone,  and  that  which 
I have  fee n on  Lincoln  Heath  extending  almoft  from  Sleaford  to 
Lincoln. 

Now  as  the  falts  of  the  fea  confift  of  only  two  kinds,  common 
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fait,  or  muriate  of  foda,  and  vitriolated  magnefia,  commonly  called 
Epfona  fait,  which  in  the  fea-waters  fiirrounding  this  ifland  were 
found  at  a medium  to  exift  in  the  proportion  of  one  thirtieth  part  of 
common  fait,  and  one  eightieth  part  of  vitriolated  magnelia  compared 
to  the  quantity  of  water.  And  fecondly  as  thefe  falts  are  believed 
by  many  philofophers  to  have  been  formed  by  vegetable  and  animal 
•.matters,  which  principally  grew  upon  the  furface  of  the  dry  land, 
after  it  was  raifed  out  of  the  primeval  ocean  ; and  that  in  conle- 
quence  the  faltnefs  of  the  fea  was  pofterior  to  the  formation  of  the 
primeval  rocks  of  limeftone  ; and  from  hence  we  under  Hand,  why 
thofe  limeftone  ftrata,  which  have  not  been  diffolved  or  wafhed 
in  fea-water  fince  the  fea  became  fait,  are  not  mixed  with  mag- 
nefia. 

The  chalk  muft  have  been  difiolved  and  precipitated  from  water, 
as  it  exadlly  refembles  the  internal  part  of  fome  calcareous  ftala&ites, 
which  I have  in  my  poffeffion ; yet  there  is  no  appearance  of  its 
component  particles  having  been  rubbed  together  into  fmall  globules, 
and  may  not  therefore  have  been  removed  from  the  fituation,  where 
it  was  produced,  except  by  its  elevation  above  the  furface  of  the 
ocean. 

But  that  alluvial  limeflone,  which  confifls  of  fmall  globules  adher- 
ing together,  called  Ketton  limeflone,  and  of  which  there  appears  to 
be.  a bed  ten  miles  broad  from  Beckingham  to  Sleaford  in  Lincoln- 
fhire,  and  twenty  miles  long  from  Sleaford  to  Lincoln,  I fufpeft 
may  probably  con  lift  of  magnefian  limeflone  ; which  is  alfo  faid  in 
that  country  to  do  no  fervice  to  vegetation  ; for  this  alluvial  lime- 
flone by  having  evidently  been  long  rolled  together  beneath  the  fea, 
by  which  the  fmall  cryflallifed  parts  of  it  have  had  their  angles  rub- 
bed off,  is  mod  likely  to  have  thus  been  mixed  with  the  magnefia 
of  the  fea-water,  which  is  faid  to  contain  one  eightieth  part  of  its 
weight  of  vitriolated  magnefia,  as  above  mentioned. 

At  the  lime-works  at  Ticknal  near  Derby  there  appears  a flratum 
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of  alluvial  limeftone,  like  Kettou  limeftone,  which  they  do  not  burn 
for  fale,  over  the  bed  of  the  calcareous  limeftone,  which  they  get 
from  beneath  the  former?  and  calcine  for  fale.  It  is  probable,  that 
the  fuperior  bed  may  contain  magnefia,  which  has  rendered  it  not  fo 
ufeful  in  agriculture. 

It  is  more  probable,  that  alluvial  limeftone  has  acquired  its  mixture 
of  magnefia  from  the  fea-water ; as  magnefia  in  its  uncalcined  ftate 
will  precipitate  lime  from  water,  as  obferved  by  Dr.  Alfton  ; who 
thence  propofes  to  render  water  pure  and  potable,  which  has  been 
long  kept  at  fea  free  from  putridity  by  having  lime  mixed  with  it,  by 
precipitating  the  lime  by  the  addition  of  mild  magnefia  ; which  is  a 
fubjedt  now  perhaps  worthy  the  attention  of  the  court  of  admiralty, 
fince  magnefian  limeftone  appears  to  be  fo  plentifully  diffufed  over 
the  earth.  See  Dr.  Black’s  Exper.  on  Magnefia  in  the  Efiay  Philof. 
and  Literary,  Edinb. 

The  lime  from  Breedon  is  magnefian,  that  from  Ticknal  (which 
is  fold)  is  calcareous  lime  I believe  ; and  fome  farmers  in  the  vicinity 
of  Derby  aflert,  that  two  loads  of  Breedon  lime  will  go  as  far , that 
is  will  apparently  do  as  much  fervice  to  their  land  as  three  loads  of 
Ticknal  lime.  Breedon  lime,  I am  alfo  informed,  is  preferred  in  ar- 
chitecture, and  is  faid  to  go  further  in  making  mortar ; which  I fup- 
pofe  means,  that  it  requires  more  fand  to  be  mixed  with  it.  Mr. 
Marlhall  in  his  account  of  the  agriculture  of  the  Midland  counties 
fpeaks  of  lime  made  at  Breedon  near  Derby  as  deftrudtive  to  vegeta- 
bles when  ufed  in  large  quantities.  And  in  Nottinghamfhire  it  is  af* 
ferted,  that  the  lime  from  Critch  in  Derbyfhire  is  fomild,  that  thirties 
and  grafs  fpring  up  through  the  edges  of  large  heaps  of  it,  when  laid 
in  the  fields.  Dr.  Fenwick  of  Newcaftle  obferves,  that  the  farmers 
in  that  country  divide  lime  into  hot  and  mild  ; which  Mr.  Tennant 
believes  to  mean  magnefian  and  calcareous  lime. 

By  experiments  which  were  made  by  Mr.Tennant  by  fowing  feeds 
of  colewort  on  various  mixtures  of  calcined  magnefia  with  foil,  and 
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of  calcareous  lime  with  foil,  he  found  that  thirty  or  forty  grains  of 
lime  did  not  retard  the  growth  of  feeds  more  than  three  or  four  of 
calcined  magnefia;  from  hence  what  can  we  conclude?  but  that,  as 
thev  both  injure  vegetation  in  large  quantities,  they  may  both  affift 
vegetation  in  fmall  ones  ? and  that  this  is  more  probable,  as  the  far- 
mers believe,  that  they  find  both  of  them  ufeful,  though  in  different 
q ’antities ; and  as  the  magnefia  would  form  Epfom  fait,  if  it  meets 
with  vitriolic  acid,  which  Dr.  Home  found  from  his  experiments  to 
be  friendly  to  vegetation,  when  ufed  in  very  lmall  quantities.  More 
accurate  obfervations  and  more  numerous  experiments  on  this  fub- 
jed  are  required,  which  this  important  difcovery  of  Mr. Tennant’s 
will  I hope  loon  occafion. 


i 3.  To  be  inferted  at  p.  286,  /.  16,  at  the  end  of  No.  2 of  Se£t.  XII. 

* * - ' . » ' . 

Another  method  has  been  attempted  by  fome  for  the  purpofe  of 
ameliorating  clayey  lands,  which  were  unfit  to  be  turned  up  deeper 
than  they  had  been  accuftomed  to  be  ploughed,  on  account  of  their 
acidity  or  tenacity  being  very  injurious  to  vegetation  ; as  the  white 
faggar  clays  over  many  coal  countries  ; or  fome  very  tenacious  red 
clays,  which  may  contain  a vitriol  of  iron  ; not  an  oxyde,  or  oxy- 
genated calx  of  it. 

O b 

The  method  I allude  to  confifts  in  find  turning  over  a ridge  of 
earth,  as  in  common,  ploughing  ; and  then  with  a plough,  made  on 
purpofe,  to  penetrate  fome  inches  deeper  into  the  clay  fo  injurious  to 
vegetation  ; this  plough  is  to  be  fo  contrived,  as  to  raife  up  the 
clayey  foil  about  the  breadth  of  the  furrow  recently  made,  and  three 
or  four  inches  deep,  or  more  ; but  not  to  turn  it  over,  fo  that  it  may 
ff ill  lie  under  the  fertile  foil,  which  is  to  be  turned  over  it  with  the 
common  plough,  in  making  the  adjoining  furrow*  So  that  this 

plough 
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plough  is  only  to  pafs  under  the  foil,  and  thus  loofen  it,  and  mix  it 
with  atmofpheric  air  without  turning  it  over. 

By  this  manoeuvre  the  clay  a few  inches  deep  beneath  the  fertile 
foil  becomes  broken  in  its  texture,  and  obtains  fome  air  intercepted  in 
its  pores ; from  the  former  circumftance  it  may  contribute  to  retain 
the  vernal  fhovvers,  which  would  otherwife  run  off  over  the  clayey 
furface  beneath  the  more  fertile  one,  and  might  thus  in  drier  feafons 
prevent  the  upper  furface  from  being  fo  much  indurated,  and  might 
gradually  become  lefs  injurious  by  the  frequent  admixture  of  atmo- 
fpheric  air,  and  at  length  even  falubrious  to  the  roots  of  vegetables. 
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IMPROVEMENT  OF  THE  DRILL  PLOUGH. 

' ' I 

The  firfl:  experiment  I tried  to  improve  this  valuable  machine  was 
that  mentioned  in  Se£t.  XII.  5.  of  this  work,  by  enlarging  the  axis 
of  Mr.  Tull’s  feed-box  into  a wheel  of  fixteen  inches  diameter,  with 
excavations  in  the  rim  to  raife  portions  of  the  corn  above  the  furface 
of  that  in  the  feed-box.  But  I found  to  my  furprife  the  fri&ion  of 
the  corn  to  be  fo  much  greater  than  expedted,  when  fix  fuch  large 
wheels  were  immerfed  in  it,  that  an  additional  hopper  became  ne- 
ceflary  to  deliver  the  feed  (lowly  into  the  feed-box,  as  in  Mr.  Cook’s 
drill  plough  ; which,  as  it  would  add  much  to  the  intricacy  and  ex- 
pence of  the  machinery,  and  to  the  inaccuracy  of  the  quantity  of  feed 
delivered,  occafioned  me  to  relinquilh  that  idea,  and  after  many  de- 
figns  and  many  experiments  to  conftrudt  the  following  machine, 
which  I believe  to  be  more  Ample,  and  confequently  lefs  expenfive 
to  conftrudt,  and  lefs  liable  to  be  out  of  order,  and  to  deliver  the  feeds 
of  all  kinds  with  greater  accuracy  than  any  drill  plough  at  prefent  in 
•ufe ; and  that  it  poflelfes  every  other  advantage  that  they  can  boaft. 
The  fcale  of  the  three  following  plates  is  half  an  inch  to  ten  inches. 

Conf ruction  of  the  Carriage  Part . 

Plate  X.  Fig.  1.  a a , are  the  (hafts  for  the  horfe,  which  are  fixed 
jto  the  center  of  the  axle-tree  by  a fimple  univerfal  joint  at  z,  whence, 
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if  the  horfe  fwerve  from  a ftraight  line,  or  is  purpofely  made  to  pals 
.obliquely  to  avoid  treading  on  the  rows  of  corn  in  hoeing;  the  per- 
fon,  who  guides  the  plough  behind,  may  keep  the  coulters  of  the 
plough  or  hoe  in  any  line  he  pleafes  ; which  is  thus  performed  with 
much  limpler  mechanifm,  than  that  ufed  in  Mr.  Cook’s  patent 
plough  for  the  fame  purpofe,  which  has  many  joints  like  a parallel 
rule. 

bb  are  the  horns  or  fhafts  behind,  for  .the  perfon  who  guides  the 
drill  coulters  or  hoes ; they  are  fixed  to  the  axle-tree  before,  and 
have  a crofs  piece  about  fix  inches  from  it  at  g g for  the  purpofe  of 
fupporting.  the  feed-box  defcribed  below.  Behind  this  about  a foot 
diftant  from  it  is  another  crofs  piece  at  c c , called  the  coulter-beam, 
which  is  fifty  inches  long,  fix  inches  wide,  and  two  inches  thick  ; 
it  is  perforated  with  two  fets  of  fquare  holes,  fix  in' each  fet,  to  re- 
ceive the  coulters  in  drill-ploughing,  and  the  hoes  in  horfe-hoeing.-  ■ 

The  fix  light  lquare  holes  are  nine  inches  from  each  other,  and  are 
to  receive  the  coulters  or  hoes  in  the  cultivation  of  wheat,  the  rows 
of  which  are  defigned  to  be  nine  inches  from  each  other,  and  the  fix 
dark  fquare  holes  are  placed  feven  inches  from  each  other  to  receive 
the  coulters  or  hoes  for  the  cultivation  of  barley,  the  rows  of  which 
are  defigned  to  be  but  feven  inches  diftant  from  each  other. 

Befides  thefe  there  are  fix  round  holes  through  this  coulter-beam 
at  one  part  of  it,  and  fix  iron  circular  ftaples  fixed  into  the  edge  of 
the  other  part  of  it ; thefe  are  to  receive  the  ends  of  the  tin  flues, 
which  crofs  each  other,  and  convey  the  feed  from  the  bottom  of  the 
feed-box  into  the  drills  or  furrows,  when  the  coulters  are  difpofed  in 
the  fquare  perforations  before  them. 

Thefe  coulters  or  hoes  the  perfon,  who  guides  the  machine,  can 
raife  out  of  the  ground  in  turning  at  the  ends  of  the  lands,  or  in  pall- 
ing to  or  from  the  field,  and  can  fulpetid  them  lo  railed  on  the  iron 
fprings  d d7  which  at  the  fame  time  fo  fixes  the  /hafts  to  the  axle- 
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tree  that  the  wheels  will  then  follow  in  the  fame  line  with  the 
horfe. 

e e are  wheels  of  four  feet  in  diameter,  the  nave  of  one  of  which 
has  on  it  a caft-iron  wheel  at  j f,  for  the  purpofe  of  turning  the  axis 
of  the  feed-box,  which  has  a fimilar  wheel  of  one  fourth  its  diame- 
ter ; whence  the  axis  of  the  feed-box  revolves  four  times  to  one  re- 
volution of  the  wheel. 


ConJlruElion  of  the  feed-box.  Plate  XI.  Fig.  2. 

This  confifts  of  boards  about  an  inch  in  thicknefs,  is  forty-eight 
inches  long  within,  twelve  inches  deep,  twelve  inches  wide  at  top, 
and  fix  inches  wide  at  bottom  ; it  is  divided  into  fix  cells,  in  which 
the  corn  is  to  be  put,  as  reprefented  in  Plate  XL  Fig.  2.  and  fhould 
alfo  have  a cover  with  hinges  to  keep  out  the  rain,  and  is  to  be  plac- 
ed in  part  over,  and  in  part  before,  the  axle-tree  of  the  carriage,  at 
g g.  Plate  X.  Fig-..  1. 

Beneath  the  bottom  of  the  feed-box  paflfes  a wooden  cylinder,  at 
h h,  Plate  XI.  Fig.  2.  with  excavations  in  its  periphery  to  receive  the 
grain  from  the  fix  cells  of  the  feed-box,  Imnop  q , and  to  deliver  it 
into  the  fix  oblique  flues  i i,  which  are  made  of  tin,  and  crofs  each 
-other,  as  reprefented  in  the  plate.  The  u.fe  of  the  feed -flues  thus  in- 
terfering each  other  is  to  increafe  the  length  of  the  inclined  furface, 
on  which  the  feed  defcends,  that  if  fix  or  eight  grains  be  delivered 
together,  they  might  fo  feparate  by  their  fridtion  in  delcending,  as 
not  to  be  fown  together  in  one  point,  which  might  be  liable  to  pro- 
duce tufibcks  of  corn. 

As  thefe  feed-flues  crofs  each  other,  before  they  pafs  through  the 
coulter-beam  at  c c,  Plate  X.  Fig.  1 it  was  neceflary  to  make  three 
of  the  round  holes  of  the  coulter-beam  at  one  end  backvvarder  than 
thofe  at  the  other  end  ; and  on  that  account  to  ufe  iron  flaples  or 
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rings  at  one  end  inftead  of  perforations,  as  at  w w,  Plate  X.  Fig.  i . 
Thefe  tin  flues  deliver  the  feed  at  the  time  of  fowing  into  the  fmall 
furrows  or  drills,  which  are  made  by  the  coulters  before  them. 

Thefe  feed-flues  have  a joint  at  z z,  where  one  part  of  the  tin 
tubes  Hides  into  the  other  part,  and  they  by  thefe  means  can  be  occa- 
fionally  fhortened  or  lengthened  to  accomodate  them  to  the  coulters, 
when  placed  at  feven  inches  diftance  for  fowing  barley,  or  at  nine  for 
fowing  wheat. 

At  the  bottom  of  this  feed- box  are  flx  holes,  one  in  each  cell,  to 
deliver  the  com  into  the  excavations  of  the  cylinder,  which  revolves 
beneath  them.  Thefe  holes  are  furnifhed  on  the  defcending  fide,  as 
the  cylinder  revolves,  with  a ftrong  brufli  of  briftles  about  three 
fourths  of  an  inch  long,  which  prefs  hard  on  the  tin  cylinder.  On 
the  afcending  fide  of  the  revolving  cylinder  the  holes  at  the  bottom 
of  the  feed-box  are  furnifhed  with  a piece  of  flrong  fhoe-foal  leather, 
which  rubs  upon  the  afcending  fide  of  the  cylinder.  By  thefe  means 
the  corn,  whether  beans  or  wheat,  is  nicely  delivered,  as  the  axis  re- 
volves, without  any  of  them  being  cut  or  bruifed. 

Conf  ruction  of  the  iron  axis  and  wooden  cylinder  beneath  the  feed-box . 

Plate  XI.  Fig.  3. 

An  iron  bar  is  firft  made  about  four  feet  fix  inches  in  length,  and 
an  inch  fquare,  which  ought  to  weigh  about  fifteen  pounds ; this  bar 
is  covered  with  wood,  fo  as  to  make  a cylinder  four  feet  long,  and 
two  inches  in  diameter,  as  at  k k , Plate  XI.  Fig.  3.  The  ufe  of  the 
iron  bar  in  the  centre  of  the  wood  is  to  prevent  it  from  warping, 
which  is  a matter  of  great  confequence. 

This  wooden  cylinder  paffes  beneath  the  bottom  of  the  feed-box, 
and  has  a cafl-iron  cog-wheel  at  one  end  of  its  axis,  as  at  rr,  which 
is  one  fourth  of  the  diameter  of  the  correfpondent  caft-iron  wheel, 

which 
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which  is  fixed  on  the  nave  of  the  carriage- wheel,  as  in  Plate  X. 
Fig.  i.  ff  fo  that  the  axis  of  the  feed-box  revolves  four  times  dur- 
ing every  revolution  of  the  wheels  of  the  carriage. 

In  the  periphery  of  this  wooden  cylinder  are  excavated  four  lines 
of  holes,  fix  in  each  line,  as  at  n nnn  n n.  A fecond  line  of  excava- 
tions is  made  oppofite  to  thefe  on  the  other  fide  of  the  cylinder,  and 
two  other  lines  of  excavations  between  thefe  ; fo  that  there  are  in  all 
twenty-four  excavations  in  the  wooden  part  of  this  axis  beneath  the 
feed-box,  which  excavations  receive  the  corn  from  the  feed-cells,  as 
the  axis  revolves,  and  deliver  it  into  the  flues  (hewn  in  Plate  XI. 
Fig.  2.  ooii,  not  unfimilar  to  the  original  defign  of  the  ingenious 
Mr.  Tull. 

The  fize  of  thefe  excavations  in  the  wooden  cylinder  to  receive  the 
feed  are  an  inch  long,  half  an  inch  wide,  and  three  eighths  of  an 
inch  deep  ; which  are  too  large  for  any  feeds  at  prefent  employed  in 
large  quantities  except  beans,  but  have  a method  to  contract  them  to 
any  dimenfions  required,  by  moving  the  tin  cylinder  over  the  wooden 
one.,  as  explained  below  in  Platd  XI.  Fig.  4. 


Conjlruftion  of  the  fin-cylinder . Plate  XI. 

A B at  Fig.  4.  reprefents  a cylinder  of  tin  an  inch  longer  within 
than  the  wooden  cylinder  on  the  iron  axis  at  Fig.  3.  and  is  of  two 
inches  diameter  within,  fo  as  exactly  to  receive  the  wooden  cylinder, 
which  may  Aide  about  an  inch  backwards  or  forwards  within  it.  C D 
are  two  fquare  tin  fockets  fixed  on  the  ends  of  the  tin  cylinder  to  fit 
on  the  fquare  part  of  the  iron  axis,  which  pafles  through  the  wooden 
cylinder  at  / /,  Fig.  3.  on  which  they  Aide  one  inch  backwards  or 
forwards. 

The  following  directions  in  making  the  holes  in  this  tin  cylinder, 
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and  thofe  in  the  wooden  cylinder,  which  are  to  correfpond  with 
them,  mufi  be  nicely  attended  to. 

Fbji,  when  the  tin-cylinder  is  foldered  longitudinally,  and  one  end 
of  it  foldered  on,  as  at  A,  fix  holes  through  it  mud  be  made  lon°-i~ 
tudinally  on  four  oppofite  fides  of  it,  each  hole  mud  be  exactly  half 
an  inch  wide,  and  five  eighths  of  an  inch  long,  the  length  to  be  parallel 
to  the  length  of  the  cylinder. 

The  centre  of  the  fird  of  thefe  holes  mud  be  five  inches  didant 
from  the  clofed  end  A,  the  centre  of  the  fecond  hole  mud  be  eight 
inches  didant  from  the  centre  of  the  fird,  and  fo  on  till  fix  holes  are 
made  longitudinally  along  the  cylinder.  Then  another  fuch  line  of 
fix  fimilar  holes  is  to  be  made  on  the  oppofite  fide  of  the  cylinder,  and 
then  two  other  fuch  lines  between  the  former,  in  all  twenty-four ; 
and  the  fize  of  all  thefe  holes  mud  be  nicely  obferved,  as  well  as  their 
^idances. 

Secondly.  The  wooden  cylinder  fixed  on  the  axis  is  now  to  be  in- 
troduced into  the  tin  cylinder,  but  not  quite  to  the  end  of  it,  but  fo 
as  to  leave  exafliy  one  inch  of  void  fpace  at  the  clofed  end  A,  and 
then  the  fize  of  all  thefe  apertures  through  the  tin  cylinder,  each  of 
which  is  exadly  half  an  inch  wide,  and  five  eighths  of  an  inch  long, 
are  to  be  nicely  marked  with  a fine  point  on  the  wooden  cylinder, 
which  mud  not  previoufly  have  any  excavations  made  in  it.. 

thirdly.  ^The  twenty-four  holes  thus  marked  on  the  wooden  cy- 
linder are  now  to  be  excavated  exa&ly  three  eighths  of  an  inch  deep, 
but  with  an  addition  alfo  of  three  eighths  of  an  inch  at  that  end  of 
every  one  of  them  which  is  next  to  A ; lo  that,  when  the  wooden 
cylinder  is  again  replaced  in  the  tin  cylinder  as  before,  with  one  inch 
of  void  fpace  at  the  clofed  extremity  of  it,  the  excavations  in  the 
wooden  cylinder  will  be  three  eights  of  an  inch  longer,  than  the  per- 
forations in  the  tin  cylinder  over  them.  Thefe  excavations  in  the 
wooden  cylinder  mud  alfo  be  rather  narrower  at  the  bottom  than  at 
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the  top,  to  prevent  with  certainty  any  of  the  grain  from  flicking  in 
them,  as  they  revolve. 

Fourthly.  A fcrew  of  iron  about  three  inches  long,  with  a fquare 
head  to  receive  a fcrew-driver,  is  to  pafs  through  the  end  A of  the 
tin  cylinder  on  one  fide  of  the  axis,  as  at  ■*■,  Fig.  4.  The  fcrew  part 
of  this  is  to  lie  in  a hollow  groove  of  the  wooden  cylinder,  and  to  be 
received  into  a nut,  or  female  fcrew,  which  is  fixed  to  the  wooden 
cylinder.  The  head  part  of  the  fcrew,  which  paffes  through  the  end 
A of  the  tin  cylinder  at  x,  muft  have  a fhoulder  within  the  tin  cy- 
linder, that  it  may  not  come  forwards  through  the  end  of  it ; and  a 
brafs  ring  mufl  be  put  over  the  fquare  end  of  the  fcrew  on  the  out- 
fide  of  the  tin  cylinder,  with  a pin  through  that  fquare  end  of  the 
fcrew  to  hold  on  the  brafs  ring. 

Thus  when  the  fquare  head  of  the  fcrew  is  turned  by  a fcrew- 
driver,  it  gradually  moves  the  tin  cylinder  backwards  and  forwards 
one  inch  on  the  wooden  one,  fo  as  either  to  prefs  the  end  A of  the 
tin  cylinder  into  contact  with  the  end  of  the  wooden  cylinder  within 
it,  or  to  remove  it  to  the  diftance  of  one  inch  from  it,  and  leave  a 
void  fpace  at  the  end  A. 

Fif  thly.  The  ends  of  all  the  holes  of  the  tin  cylinder,  which  are 
next  to  the  end  A of  it,  are  now  to  be  enlarged,  by  flitting  the  tin 
three  eighths  of  an  inch  towards  A,  on  each  fide  of  the  hole  ; and 
then  that  part  of  the  tin,  included  between  thefe  two  flits,  which  will 
be  half  an  inch  wide,  and  three  eighths  of  an  inch  lengthways  in  re- 
fpeCt  to  the  cylinder,  is  not  to  be  cut  out,  but  to  be  bent  down  into 
the  excavations  of  the  wooden  cylinder  beneath,  fo  as  to  lie  againft 
that  end  of  the  excavation  which  is  next  to  A. 

But  thefe  projecting  bits  of  tin,  before  they  are  bent  down  into 
the  excavations  of  the  wooden  cylinder,  muft  be  filed  a little  lefs  at 
the  projecting  end,  which  is  to  be  bent  down,  than  at  the  other  end  ; 
as  the  .excavations  of  the  wooden  cylinder  are  to  be  rather  narrower 
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at  the  bottom  than  at  the  top,  and  thefe  pieces  of  tin,  when  bent 
down,  muft  exa&ly  fit  them. 

Lajlly.  When  all  thefe  holes  through  the  tin-cylinder  are  thus  en- 
larged, and  the  bits  of  tin  filed  rather  narrower  at  their  proje&ing 
ends,  and  then  bent  down  into  the  excavations  of  the  wooden  cylin- 
der, the  other  end  of  the  tin  cylinder  with  its  fquare  focket  may  be 
foldered  on. 

And  now  when  the  end  of  the  tin  cylinder  at  A is  prefled  forwards 
upon  the  wooden  cylinder  towards  B,  by  turning  the  fcrew  at  x 
above  defcribed ; every  excavation  of  the  wooden  cylinder  will  be 
gradually  leffened,  and  finally  quite  clofed  ; by  which  eafy  means 
they  may  be  adapted  to  receive  and  deliver  feeds  of  any  fize  from 
horfe-beans  and  peas  to  wheat,  barley,  and  to  turnip-feed,  with  the 
greateft  accuracy,  fo  as  to  fow  four,  five,  or  fix  pecks  on  an  acre,, 
or  more  or  lefs,  as  the  agricultor  pleafes,  by  only  turning  the  fcrew 
a few  revolutions  one  way  or  the  other. 

Obfervations-. 

i.  In  the  conftrudion  of  the  tin  and  wooden  cylinders  beneath  the 
feed-box  another  fmall  improvement  may  be  neceffary  in  fowing  very 
fmall  feeds,  which  is  this : As  the  fcrew  at  the  end  A is  turned,  fo 
as  to  contract  all  the  excavations  of  the  wooden  cylinder,  the  furface. 
of  the  wooden  cylinder  for  one  inch  from  the  end  of  each  excavation 
towards  the  end  B,  Plate  XI.  Fig.  4.  will  become  bare  without  being 
covered  by  the  tin  cylinder  ; and  on  thefe  bare  parts  of  the  wooden 
cylinder,  which  will  be  one  inch  long,  and  half  an  inch  wide,  fome 
fmall  feeds  may  chance  to  flick,  and  evade  the  brufhes,  which  fhould. 
prevent  them  from  pafling,  as  the  cylinders  revolve. 

To  prevent  this,  when  the  wooden  cylinder  is  fo  placed  within  the 
tin  cylinder,  that  all  the  holes  are  quite  open,  let  a piece  of  the  tin 
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cylinder  about  an  inch  and  a half  long,  and  half  an  inch  wide,  be  cut 
out  from  the  extremity  of  each  hole  next  to  the  end  B,  and  let  this 
piece  of  the  tin  cylinder  thus  cut  out  be  fixed  by  a few  fprigs  on  the 
wooden  cylinder  exactly  in  the  fame  place,  which  it  covered  before 
it  was  cut  out  of  the  tin  one,  by  which  contrivance,  when  the  tin 
cylinder  is  afterwards  pufhed  forwards  by  turning  the  fcrew  at  its 
end,  fo  as  to  contrail  the  excavations  of  the  wooden  cylinder  be- 
neath, the  bare  parts  of  the  wooden  cylinder  will  exifl  an  inch  and 
a half  from  the  extremities  of  the  excavations  next  to  the  end  B,  and 
thus  will,  not  pafs  under  the  brufhes,  and  in  confequence  no  fmall 
feeds  can  lodge  in  them. 

2.  Some  kind  of  iron  llaple  fhould  be  fixed  at  each  end  of  the  feed- 
box  on  the  outfide,  which  when  the  hinder  part  of  the  carriage  is 
raifed  up  by  the  perfon  who  guides  it,  might  catch  hold  of  the  two 
iron  fprings  at  dd  in  Plate  X..  Fig.  1.  for  the  purpofe  of  fufpending 
the  coulters  out  of  the  ground,  and  connecting  the  hinder  part  of  the 
machine  with  the  fhafts  before  ; that  in  turning  at  the  ends  of  the 
lands,  or  in  pafling  from  or  to  the  field,  the  wheels  may  not  fwerve 
at  the  joint  s,  at  the  centre  of  the  axle-tree,  but  may  follow  in  the 
fame  line  with  the  fhafts. 

3.  The  feed-box  mufl  alfo  be  fupported  on  upright  iron  pins  pair- 
ing through  iron  flaples,  with  a lever  under  the  end  of  it  next  to 
the  wheel  r r,  Plate  XI.  Fig.  3.  for  the  purpofe  of  eafily  lifting  that 
end  of  the  feed-box  about  an  inch  high,  to  raife  the  teeth  of  the  iron- 
cog-wheel  on  its  axis  out  of  the  teeth,  of  the  correfpondent  iron 
wheel  on  the  nave  of  the  carriage-wheel. 

4.  The  conftru&ion  of  the  coulters,  which  make  the  drills,  and 
of  the  rakes,  which  again  fill  them,  after  the  feed  is  depofited,  and 
alfo  of  the  hoes,,  are  not  here  delineated  ; as  they  are  fimilar  to  thofe. 
fo  often  defcribed  or  ufed  by  Mr.Tull  and  his  followers.. 

5.  When  the  lower  ends  of  the  feed-flues  are  placed  through  the 
holes  in  the  coulter-beam,  Plate  I.  Fig.  1.  at  nine  inches  diflance 
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from  each  other,  the  rows  of  wheat  or  beans  will  then  be  fown  nine, 
inches  from  each  other ; and  as  the  wheels  of  the  carriage  are  four 
feet  in  diameter,  and  therefore  travel  about  twelve  feet  at  each  revo- 
lution ; and  as  there  are  four  excavations  round  the  axis  of  the  feed- 
box,  which  revolve  four  times  for  one  revolution  of  the  carriage- 
wheels ; it  follows,  that  the  feeds  contained  in  the  excavations  of 
the  cylinder  beneath  the  feed-box  will  be  fown  at  nine  inches  dis- 
tance in  each  drill  or  furrow,  as  the  plough  proceeds ; and  as  thefe 
rows  are  nine  inches  afunder,  any  defired  number  of  feeds  may  be 
depofited  in  every  Square  of  nine  inches,  which  are  contained  in  the 
Surface  of  the  field. 

6.  Mr.  Coke  of  Norfolk  acquainted  me,  that  on  his  very  exten- 
five  farm  the  wheat  fown  on  an  acre  was  fix  or  Seven  pecks  by  the 
Rev.  Mr.  Cook’s  drill  plough,  which  was^  about  half  the  quantity 
generally  ufed  in  broad-caft  Sowing.  If  the  wheat  was  nicely  depo- 
fited  in  the  drills,  I fufpeft  one  bufhel  would  be  quite  Sufficient  for 
an  acre,  as  the  rows  are  at  nine  inches  diftant  from  each  other  ; for 
there  would  in  that  cafe  be  about  eight  grains  or  nine  grains  depo- 
fited in  every  nine  inches  of  the  drill-furrow  ; that  is,  in  every 
Square  of  nine  inches  contained  in  the  Surface  of  the  land  So  cul- 
tivated. 

Which  may  be  thus  eflimated.  Mr.  Charles  Miller,  in  the  Philo- 
sophical Tran  fa  £t  ions,  Vol.  LVIII.  p.  203,  has  eflimated  the  num- 
ber of  grains  in  a bufhel  of  wheat  to  amount  to  620,000  ; and  Mr. 
Swanwick  of  Derby  has  lately  eflimated  them  to  be  645,000.  We 
may  Suppofe  therefore,  that  a bufhel  may  at  an  average  contain 
6 35, ooo  grains  of  wheat.  Now  as  a flatute  acre  contains  4840 
Square  yards,  and  there  are  fixteen  Squares  of  nine  inches  in  every 
Square  yard,  4840  multiplied  by  16  gives  77,440,  which  is  the 
number  of  Squares  of  nine  inches  in  Such  an  acre.  If  635,000  grains 
in  a bufhel  be  divided  by  77,440,  the  number  of  Squares  of  nine 
inches  in  an  acre,  the  quotient  will  fhew,  that  rather  more  than 
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eight  grains  of  wheat  will  thus  be  depofited  in.  every  nine  inches  of 
the  drills. 

7.  Now  if  eight  or  nine  grains  were  dropped  altogether  in  one 
inch  of  ground,  they  would  be  too  numerous,  if  they  be  all  fup- 
pofed  to  grow,  and  would  form  a tuffock  ; but  by  making  them 
Hide  down  an  inclined  plane,  as  in  the  tin-flues,  from  the  feed-box 
to  the  coulters,  which  are  eroded  for  the  purpofe  of  lengthening 
them,  as  feen  in  Plate  XI.  fig.  2.  fome  of  the  feeds  will  be  more  de- 
layed by  their  friftion  in  defeending  than  others,  and  the  eight  or 
nine  feeds  will  thence  be  difperfed  over  the  whole  nine  inches  of  the 
drill ; which  renders  drill-lowing  fuperior  to  dibbling,  as  in  the 
latter  the  feeds  are  dropped  all  together. 

8.  When  the  holes  in  the  wooden  cylinder  are  completely  open, 
they  are  about  a proper  fize  for  fowing  horfe-beans  or  peas  : when 
they  are  completely  clofed,  there  will  remain  a fmall  niche  at  the  end 
of  the  excavation  in  the  wooden  cylinder  next  to  B,  Plate  XI.  fig.  4. 
for  turnip-feed,  or  other  fmall  feeds. 

For  wheat  and  barley  and  oats,  a wooden  wedge  fhould  be  made 
of  the  exadt  fihape  of  the  area  of  the  hole,  which  the  director  of  the 
plough  requires  ; who  will  occafionally  infert  it  into  the  holes*  when, 
he  turns  the  ferew  at  the  end  of  the  cylinder  to  enlarge  or  to  lefifen 
them  to  thefe  exadt  dimenfions. 

Thefe  wedges  fhould  be  written  upon  with  white  paint,  wheat, 
barley,  oats,  &c.  which  will  much  facilitate  the  adapting  the  fize  of 
the  excavations  to  each  kind  of  grain,  and  may  be  altered,  if  required, 
to  fuit  larger  or  lefs  feeds  of  the  fame  denomination. 

9.  In  fome  drill-ploughs,  as  in  Mr.  Cook’s,  there  is  an  additional 
machinery  to  mark  a line,  as  the  plough  proceeds,  in  which  the 
wheel  neared  the  lad  fown  furrow  may  be  directed  to  pafs  at  a pro- 
per didance  from  it,  and  parallel  to  it.  But  in  fowing  wheat  or  peas 
and  beans  this  may  be  done  by  making  the  wheels,  as  they  run  upon 
the  ground,  to  be  exa&ly  fifty-four  inches  from  each  other ; and 
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then  at  the  time  of  fowing  to  guide  the  wheel  next  to  the  part  laft 
fown  exactly  in  the  rut,  which  was  laft  made  ; by  which  guide  the 
rows  will  all  of  them  be  accurately  at  nine  inches  diftant  from  each 
other. 


The  Simplicity  of  this  Drill-Plough. 

1.  The  fimplicity  of  this  machine  confifts  firft  in  its  having  only 

a Peed-box,  and  not  both  a hopper  and  a feed-box,  as  in  the  Rev. 
Mr.  Cook’s  patent  drill-plough.  i 

2.  The  flues,  which  conduct  the  feed  from  the  bottom  of  the 
feed-box  into  the  drill-furrows,  are  not  disjoined  about  the  middle  of 
them  to  permit  the  lower  part  to  move  to  the  right  or  left,  when  - 
the  horfe  fwerves  from  the  line,  in  which  the  coulters  pafs,  as  in 
Mr.  Cook’s  patent  drill-plough ; which  is  done  in  this  machine  by 
the  Ample  univerfal  joint  at  z,  Plate  I.  fig.  i. 

3.  In  this  machine  the  horns  or  {hafts  behind,  between  which 
the  perfon  walks,  who  guides  the  coulters,  are  fixed  both  to  the  coul- 
ter-beam, and  to  the  axle-tree  ; whereas  in  Mr.  Cook’s  patent  plough 
thefe  are  all  of  them  moveable  joints  like  a parallel  rule,  for  the  pur- 
pofe  of  counteracting  the  fwerving  of  the  horfe  ; which  in  this  ma- 
chine is  done  by  the  Ample  univerfal  joint  at  z,  fig.  1,  Plate  L before 
mentioned. 

4.  The  altering  the  dimenfions  of  the  holes  in  the  axis  of  the 
feed-box  by  only  turning  a fcrew,  fo  as  to  adapt  them  to  all  kinds  of 
feeds,  which  are  ufually  fown  on  field-lands. 

5.  The  ftrong  brufh  of  briftles,  which  fweep  over  the  excavations 
of  the  cylinders  beneath  the  feed-box,  {trickle  them  with  fuch  ex- 
aCtnefs,  that  no  fupernumerary  feeds  efcape,  and  yet  none  of  them  are 
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in  the  leaft  bruifed  or  broken,  as  I believe  is  liable  to  occur  in  Mr. 
Tull’s  original  machine. 

Laftly  it  ffiould  be  obferved,  that  the  lefs  expence  in  the  conftruc- 
tion,  the  lefs  propenfity  to  be  out  of  repair,  and  the  greater  eafe  of 
underftanding  the  management  of  this  machine,  correfpond  with  its 
greater  fimplicity  ; and  will,  I hope,  facilitate  the  ufe  of  the  drill- 
hu  (ban  dry. 


Mr.  Swanwick' s Seed-Box. 

As  the  dibbling  of  wheat,  defcribed  in. Sect.  XVI.  2.  2.  is  a very 
flow  and  laborious  method  of  depofiting  the  corn,  and  is  yet  coming, 
as  I am  informed,  more  and  more  into  faffiion  in  fome  counties,  I 
fufpedt  this  muft  be  owing  to  the  expence  of  procuring,  and  the 
difficulty  of  managing  the  drill-ploughs  now  in  ufe,  or  to  the  greater 
inaccuracy,  with  which  they  deliver  the  feed,  I flatter  myfelf  there- 
fore, that  I am  doing  a benefit  to  fociety  in  endeavouring  to  Amplify 
this  machine,  and  to  increafe  its  accuracy  as  much  as  poffible  : and 
ffiall  therefore  here  defcribe  another  method  of  delivering  the  feed 
from  the  feed-box,  which  was  invented  by  Mr.  Swanwick,  an  inge- 
nious teacher  of  writing  and  arithmetic,  with  fome  branches  of  na- 
tural philofophy,  in  Derby  ; and  who  will  not  be  averfe  to  ffiew 
the  working  models  of  the  feed-boxes,  or  to  give  affifiance  to  any 
one,  who  wiffies  to  conftrudl  either  this  drill  machine,  or  the  pre- 
ceding one.  iJ  ' 

Mr.  Swanwick’s  feed-box  is  forty-eight  inches  long  within,  is  di- 
vided into  fix  cells  for  the  purpofe  of  fowing  fix  rows  of  feeds  at  the 
fame  time,  like  that  above  defcribed.  And  at  the  bottom  of  each 
cell  is  a hole  a,  a?  See.  Fig.  1.  Plate  XII.  for,  the  feed  to  pafs 
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through  into  the  feed-flues,  as  in  the  machine  before  defcribed  : 
but  in  this  there  is  no  revolving  axis,  but  a wooden  or  iron  bar  BB, 
fig.  3.  Plate  XII.  about  two  inches  broad,  and  about  four  feet  eight 
inches  long,  and  exactly  three  eighths  of  an  inch  thick.  Through 
this  bar  there  are  fix  perforations,  e e e,  &c.  which  are  each  of  them 
exa&lv  one  inch  long,  and  half  an  inch  wide  ; and  three  eighths  of 
an  inch  deep,  which  is  the  thicknefs  of  the  bar.  The  centres- of 
thefe  holes  are  exa&ly  eight  inches  diftant  from  each  other,  corre- 
fpondent  to  the  holes  at  the  bottom  of  the  feed-box  ; over  which  it; 
is  made  to  Aide  backward  and  forwards  in  a groove.  By  this  Aiding 
motion  it  pafles  under  A: iff  brufties,  which  are  placed  over  it  on  each 
end  of  the  holes  at'  the  bottom  of  the  feed-box,  and  ftrickle  off  the 
grain,  as  the  holes  in  the  Aiding-bar  pafs  under  them,.,  which  thus 
meafure  out  the  quantity  with  confiderable  accuracy. 

In  order  to  increafe  or  diminifti  the  quantity  of  grain  delivered,, 
the  Aider  is  covered  with  a cafe  of  tin  C C,  fig.  4,  Plate  XII.  which 
has  fix  perforations  exaftly  correfponding  with  the  holes  in  the  Aider; 
but  inftead  of  the  bit  of  tin  being  cut  out  the  whole  length  of  the 
hole,  part  of  it  is  left  at  the  end  /,  fig*_6,  equal  to  the  thicknefs  of 
the  Aider,  and  is  bent  down  as  at  b>  after  the  Aider  is  put  into  the 
cafe,  like  the  tin  cylinder  in  the  preceding  machine.  This  cafe  is 
moveable  about  one  inch  backward  and  forward  by  turning  the  finger 
fcrew  r,  fig.  4 and  5 ; and  thus  the  holes  are.  made  larger  or  lefs  to 
fuit  various  forts  of  grain,  or  different  quantities  of  the  fame  fort,  ex- 
adtly  as  in  the  wooden  and  tin  cylinders  in  Plate  XI.  The  Aider  is 
moved  forwards  by  a bent  iron  pin  h attached  to  it,  which  paiTes 
into  a ferpentiqe  groove  Y,  fig.  5,..  fixed  to  the  nave  of  the  wheel: 
and  backwards  by  a fteel.fpring  at  the  other  end  of  the  feed-box, 
which  is  not  reprefented.  in  the  plate... 

Fig.  5 is  a bird’s  eye  view  of  the  parts  before  defcribed  : EE  the 
feed-box  divided  into  cells  by  the  partitions  dd ’,  &c. — c c c the  Aider, 
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with  a part  of  the  apertures  feen  jull:  appearing  from  under  the  brufhes. 
X the  axis  of  the  wheel. 

Fig.  6 is  a drawing  of  part  of  the  tin  cafe,  nearly  of  the  full  di- 
menfions  as  to  breadth  and  thicknefs,  but  only  a fmall  portion  of  the 
length  j and  is  intended  to  (hew  more  diftinftly  the  conftruflion 
of  it. 

Fig.  2 reprefents  a tide-view  of  one  of  the  fix  bridges  lying  over 
the  holes  at  the  bottofii  of  the  feed-box,  on  each  fide  of  which  the 
bruthes  are  fixed,  which  ftrickle  the  holes,  when  they  are  full  of 
corn,  as  the  bar  Aides  backwards  and  forwards. 

The  fimplicity  of  this  Aider  at  the  bottom  of  the  feed-box  may  be 
in  fome  refpefts  greater,  than  that  of  wooden  and  tin  cylinders  in 
the  former  machine  ; as  this  has  but  fix  holes  to  meafure  out  the 
corn,  and  the  other  has  twenty-four.  But  perhaps  in  other  refpefts 
lefs  fo  ; as  in  this  twelve  brufties  are  ufed,  one  on  each  fide  of  each 
of  the  fix  holes  ; whereas  there  are  only  fix  brufiaes  rub  upon  the 
tin  cylinder  in  the  former  machine.  And  the  reciprocating  motion 
of  this  Aider  muft  be  quick,  as  it  muft  aft  once  every  time  the  pe- 
riphery of  the  wheel  of  the  carriage  has  pafied  nine  inches  forward  ; 
which  may  not  be  fo  eafy  to  execute  as  the  cog-wheel,  and  unin- 
terrupted movement  of  the  axis  and  cylinder  in  the  preceding 
machine. 

I have  only  to  add,  that  the  facility  of  adapting  the  holes  to  the 
dimenfions  required  in  both  thefe  machines,  and  their  not  bruifing 
or  breaking  the  grain  in  their  operation  of  delivering  it,  as  well  as 
their  not  being  encumbered  with  an  additional  hopper,  which  muft 
deliver  the  quantity  of  feed  with  great  inaccuracy  from  the  unequal 
ihaking  of  the  machine,  adds  much  to  the  excellency  and  fimplicity 
of  them  both.  And  I hope  will  render  more  general  the  ufe  of  the 
drill  hufbandry  invented  by  the  ingenious  Mr.  Tull  ; who  was  on 
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that  account  an  honour  to  this  country,  and  ought  to  have  a ftatue 
eredted  to  his  memory,  as  a benefadtor  of  mankind,  like  Ceres  and 
T riptolemus  of  old. 


IHe  Ego,  qui  quondam  gracili  modulatus  avena 
Carmen,  et  egreffus  fylvis  vicina  coegi, 

Ut  quamvis  avido  parerent  arva  colono. 
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A. 

Absorbent  veffels  of  vegetables,  ii. 

have  rigid  coats,  ii.  3. 

confid  of  a fpiral  line, 

ii.  5.  and  7. 

................  a£f  dire&  or  retrograde, 

ii.  6. 

. abforb  poifons,  ii  9. 

their  force  dronger  than 

the  heart,  v.  3.  and  3. 

Acid  muriatic  oxygenated,  xv.  3.  1.  x.  2.  8. 
....  vegetable,  vi.  10. 

Acrimony  vegetable,  xvii.  2- 5 

of  two  kinds,  xvii.  2.  5.'  xix. 

6 1. 

Adanfonia  the  larged  tree,  xviii;  2.  14. 
Adultery  vegetable,  viii.  8. 

Agriculture  iuperior  to  padurage,  xvi.  9;  r. 
Agrodis  canitra,  xviii.  I.  I. 

Air  atmofpheric,  x.  2. 

„ . . buried  beneath  the  foil,  xii.  j . 

4 . . heats  hot-beds,  x.  8:  2.  x.  it.  5;  ! • - 
. . . its  furface  over  ridges  and  furrows,  x. 

3 7-  

Air-vedels  of  vegetables,  ii.  4.  iii.  2.  6. 
Alburnum  contains  fugar,  j i i . 2 • 3. 

adds  fometimes  as  capillary  tubes, 

ix.  2 . 10 

fometimes  as  capillary  fyphons, 

iii.  2.  4. 

Alum,  tire  of  it  in  bread,  vi.  3.  1. 

* how  detefled  in  bread,  vi.  3.  2. 

falutary  in  the  bread  of  London,  vi. 

3-  2-  . .... 

.....  ufe  in  making  hair-powder,  vi.  3. 
.....  'bn'dit'fidlv  to  vegetation,  x.  7*.  0. 

,,v;’ 


Alum  redds  putrefa&ion,  x,  7 8. 
Ammonia,  x.  1 6 x 7.  8. 

Animals  didinguidied  from  vegetables,  x.  1, 
4.  x.  1 2.  4. 

Animalcules  microfcopic,  xiv.  3.  2. 

Annuals  converted  into  perennials,  xix.  3.  1. 
Anthers  and  digmas  live  on  honey,  iv.  3.  6.. 

bend  to  the  digmas,  vii.  2.  2. 

Aorta  of  plants,  v.  1. 

Appetencies  and  propenfities,  vii.  3.  7. 
. . formative  and  nutritive,  vii. 

3*7-.;.  ' ;; 

Aphis,  iii.  2.  8.  vn.  1.  5.  1X.  .3.  1.  xlv.  1. 

7.  and- 3.  2.  add.  note  v. 

Apple  four  on  one  fide,  xv.  I.  1.  xv.  1.  4.. 

. . . i . tree  fpread  horizontally,  xv.  2.  2. 
Archil,  xviii.  1.  3. 

Armour  of  vegetables  acquired,  xiv. -3.  2. 
Arnotto,  xvii.  2.  2. 

Artichoke  ground,  xvi.  3.  4.  xvii.  1.  3. 
Arfenic  to  poifon  flies  and  wafps,  vi.  6:  3. 

xiv.  3.  3.  ; ... 

Affociation  vegetable,  viii.  3.  rr 
Afh-tree  ufed  to  feed  filkworms,  xviii.  1.2. 
Afh  leaves  ufed  for  tea,  xviii,  1.  4. 

Allies  of  plants  contain  phofphorus,  x..  5.  6. 
.....  of  bones,  x.  3.  4. 

Alparagus,  xviii.  1.  %n  - ,-:n..rd. 

Attractions  and  aptitudes,  vii.  3.  .5. 

Azote  forms  ammonia,  x.  2.  6.  . . 

Azotic  gas,  x.  2-  8.  mo, nun 

in  fpring  -water,  x.  3.'  3.  4,  2/;:  . • 

B 

Barks,  xvii.  3.  ..  - u j 

.....  wounds- of,  xvii.  3.  10.  i 

Barks 


I N D 


E X. 


Barks  vefiels  of  inofculate,  ix.  2.  10. 

....  exterior  annually  renewed,  ii.  4. 

....  interior  of  elm,  xvii.  3.  3, 

....  fcratched  longitudinally,  xviii.  a.  I. 
....  unperifhable,  xvii  3.  6. 

Barley  fteeped  in  dunghill  water,  xvi.  8-  3. 

tlnee  bufhels  and  an  half  on  an  acre, 

xvi.  8 1. 

Beans  ufed  for,  provender,  xvi.  6.  a. 

injured  by  cold  water,  xi.  3.4. 

injured  by  too  much  water,  xvi.  1.4. 

.....  enrich  clayey  foils,  x.  7.  7. 

Bees  injure  vegetation,  vi.  6.  3.  xiv.  3.  7. 
....  how  to  fave  them  when  attacked,  xiv. 

3-  7- 

....  how  to  place  their  hives,  xiv.  3.  7. 
Beetles,  xiv..  3.  5. 

Bird-lime,  xvii.  3.  3. 

Bitter  juices  of  plants,  vi.  9.  1.  xvii.  3.  1. 
Blofloms  whiter  as  fruits  become  fweeter, 
xv.  x.  4. 

Bogbean  ufed  for  hops,  xviii.  1.  5.  xi.  a.  5. 
Bone-afhes,  ufe  of,  x.  5.  4. 

Bounties  on  exportation  of  corn,  -xvi.  9.  I. 
Bows  from  yew,  xviii.  2.  1 1, 

Brain  of  vegetables,  vi ii . 1.  and  9. 

Branches,  lower  ones  firft  in  leaf,  iii.  5. 
Bread  and  beer  made  from  hay,  x.  9.  4. 
Bredon-lime  is  half  magnefi-a,  x.  6.  8. 
Briftles  on  mofs-rofes,  ufe  of,  xiv.  3.  a. 
on  young  fhoots  of  nut-trees,  xiv. 

3-  2: 

Brocoli,  cultivation  of,  xix.  4.  2. 

poem  on,  xix.  8. 

Broth  from  mu  Hi  rooms,  xvii.  2.  3. 

Buds,  parts  of,  ix  2.  12. 

.....  of  different  maturity,  xv.  r.  3. 

....  lateral  and  fummit  ones,  xv.  2.  5. 
....  converted  into  each  other,  ix-.  2.  11. 
Budding  on  roots,  ix.  3.  5. 

Bulbs,  ix.  3. 

produce  other  bulbs,  ix.  1.5. 

Bunium  pignut,  xvii.  1.  3. 
Burying-grouncls,'  x.  ii.  3. 

Butomus  flowering  ruih,  xvii.  2.  3.  xi. 
a.  5. 

C. 

Cain  and  Abel,  xvi.  9.  1.  ... 

.Calamine  for  manure,  x.  -j.i . x.  9..  4. 


Calcareous  earth.  See  Lime,  x.  6. 
Calender  of  Flora,  xvi.  8.  r.  add.  note  ix. 
Canker,  xiv.  1.  6. 

propofed  cures  of,  xvii.  3.  10. 

Caoutchouc,  vi.  8.  5.  xvii.  3.  3. 

Capillary  attraction  in  alburnum,  ix.  2.  10. 
xv.  2.  3. 

Caprification,  xiv.  2.  9. 

Carbon,  x.  4. 

diflolved  by  lime,  x.  4.  7. 

by  ammonia,  x.  4.  3. 

Carbonic  acid,  x.  2.  5. 

incompafles  the  earth,  x.  4.  1. 

compofes  mountains,  x.  4.  1. 

Caterpillars  in  apple-bloffoms,  xiv.  3.  3. 

. . . . to  deftroy,  xiv.  3.  3. 

efculent  and  poifbnous;,  xiv.  3. 5. 

Caudex  of  a bud,  i.  2. 

. . . ... . of  buds  of  trees,  vii.  1.  7.  xv.  2.  1. 

multiplied  by  dividing,  vii.  3.  4. 

buds  from  every  part  of,  vii.  1.  7. 

triple,  vii.  3.  I. 

Charcoal  Injected  with  quickfilver,  v.  4. 

. .....  to  preferve  feeds,  xvi.  7.  6. 

Chick  in  the  egg,  iii.  1.4.  vii.  I.  2. 
Chorion  of  the  chick,  iii.  I.  4. 

Chyle  of  animals,  x 1. 

Circulation  of  vegetables,  v.  1.  xix.  2.  2. 

without  a heart,  v.  2. 

in  fifh,  v.  2. 

.........  in  the  veins,  v.  3. 

by  abforption  and  by  fpiral  vef- 

■fels,  v.  5. 

Clavus  or  ergot,  xiv.  1.  4. 

Clay,  x.  7.  Add.  note  xii. 

.. . . . effervefces,  x.  7.  2- 
. . ...  has  a fmell  when  breathed  on,  x-  7. 

. . burnt  for  manure  in  coal  countries, 
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....  is  condenfed  by  froft,  xv.  4.  1.  xiii.  2. 
2.  X.  7.  I. 

....  acidity  of,  injurious,  xiv.  2.  5. 

Coals,  origin  of,  vi.  8.  2. 

Coke,  his  drill  hufbandry,  xvi.  2.  2. 
Colchicum  autumnal,  iv.  5.  4. 

Cold  after  heat  more  injurious,  xiii.  2.  4. 
xiv.  2.  2. 

. . exeefs  of,  xiv.  2,  2. 

Colouring,  matters  of,  xvii.  2. 

I.  xvii.  3.  5.  „ , , 

Colouring  ( 


CO  X 


I N D E X. 


Colouring  for  diee(e,  xviT.  2.  I, 

Colours  of  flowers,  xix.  I.  2- 

how  to  change,  xix.  3.  2. 

white  owing  to  compreffion,  xix. 

3-  ?• 

Condiments,  xiv.  2.  8. 

Congelation  condenfes  clay,  xv.  4.  1.  x. 

7-i* 

feparates  fluids,  xv.  4.  1.  x-, 

7*  li 

. ..  ..  repels  mucilage,  xv.  4.  1. 

Copings  of  ftone,  x,  .3.  8.  xv.  3.  6.  xiii. 
2.  2. 

temporary  of  boards,  xv.  3.  6. 

Coralline  rocks,  xviii.  2.  14. 

Corn  ripened  in  froft,  xvi.  3.  2. 

....  ripened  fooner  by  lime,  xv.  3.  3. 
Carols  are.  refpiratory  organs,  iv.  5.  1.  vii. 
2 3. 

Cotyledons  of  feeds,  ix.  1.3. 

Couch-grafs,  xviii.  I.  I. 

Crambe  fea-cale,  xivv  2.  4.  xviii.  1 . 3.  xix. 
4.  r. 

Crooked. trees  to  ftra;ghten,  xviii.  2.  1. 
Cuticle,  or  exterior  bark,  xviii.  2.  1. 

may  be  fcratched,  xviii.  2.  1. 

Cyder,  xiv.  2.  9.  additional  note  xi. 

■ 7 •.  • • 

n. 

Deity,  benevolence  of,  xix.  7.3. 
Degeneracy  of  grafted  trees,  vii.  1.  3.  xv.  1, 
4.  xiv.  1 6. 

Dew-drops,  form  of,  xiii.  I.  5. 

Dibbling  wheat,  xvi  2.  2. 

Digeftion,  experiment  on,  xvi.  6 . 3;. 
Dileafes  of  plants,  xiv. 

......  hereditary,  xv.  1.  4. 

Dogs,  experiment  on  their  digeftion,  xvi. 
6.  2. 

Double  flowers,. duration  of,  xix.  1.  1. 

to  produce,  vii.  1.  3,  xix. 

3:  r-  ' 

Draught,  excefs  of,i  xiv.  2.  1. 

Draining  lands,  xi.  1. 

Drill-machine',  improved,  xii.  e.  and  Ap- 
pendix. 

. print  of,  Appendix  at  the  end 

of  the  work. 

Drill-hulbandry,  ix.  3.  7.  xvi,  2.  2. 


Drill-hufbandry,  advantage  of,  x.  12.  2. 
xii.  5.. 

for  turnips,  xiv.  3.  5. 

Dry-rot  of  timber,  to  prevent,  xviii.  2.  . 

Dunghill  water,  xvi.  8.  3. 

Dwarf  fruit-trees,  xv.  1.  3.  xv.  2.  2. 
Dyeing  matters,  xvii.  3.  5.  xvii  a,  1 0 

& 

Ear  fungus,  xvii.  2.  5. 

Egypt,  its  fertility  from  want  of  rain,  x> 
XI;  I.. 

wheat  from,  xvi.  2.  2. 

Elaflic  refin,  vi.  8.  5. 

Electricity,  xiii  3. 

affeCts  plants,  viii.  r.  xiv.  2.  3. 

points  to  precipitate  dew,  xiii. 

3-  4- 

pendulum  doubler  of,  xiii.  3.  54 

Elm-tree,  bark  of,  xvii.  3.  3. 

Ergot,'  clavus,  xiv.  1.  4. 

Eiyfiphe,  mildew,  xiv.  1.  2. 

Efpallier,  horizontal,  xv.  2.  1. 

Etiolation  of  leaves,  xiii.  1.  3.  xiv.  2.  4.- 

. of  flowersj  xviii.  1.  3. 

of  ladies,  xviii.  1.  3. 

of  roots,  xvii.  1.  2.  xvii.  2.  2. 

Evaporation  of  water  injurious,  X.  3.  8. 
Evergreens  have  no  bleeding  feafon,  ix.  2.  2.' 

made  by  ingraftment,  xix.  %. 

Excrement  of  plants,  add.  note  vii.  . 
Exportation  of  grain,  xvi.  9.  1. 

Exfudatio  miliaris,  xiv.  1.  8. 

F. 

Fallowing,  ufe  of,  xii.  3.' 

Faft-tlajs,  ufe  of,  xvi.  9.  1.  . 

Fatnefs,  how  to  produce,  xiv.  2.  8.; 
Fermentations,  x.  8.  2.  xvi.  3.  4. 

Figs  fall  off  in  flower,  xv.  3.  4. 

....  pinch  off  their  fummits,  xvi.  1.  4. 

. . . . comprefs  them  with  wire,  below,  xv.- 
3 4- 

. . . . wound  them  with  a ftraw,  xv.3.  4.,- 
Fire-flues  in  garden  walls,  xv.  3.  6. 

Fifh  propagated  for  manure,  x.  10.  4. 

Flax: 


INDEX. 


Flax,  liiKfm,  xvii.  3.  7. 

Flewk-worm  in  fheep,  xiv.  2.  8.  additional 
note  v.  ■'.... 

Flies,  how  to  poifon,  vi.  6.  3.  xiv.  3.  3. 
Floods  injurious,  x.  3.  7. 

Flooding  meadows,  art  of,  xi.  3. 
Flower-buds  terminal,  iv.  2.  11. 

converted  into  leaf-buds,  ix. 

2.  11. 

Flowers  require  lefs  water,  x.  3.9.  xvi.  1. 4. 

enlarged  by  deftroying  the  leaves, 

iv.  5.  4. 

......  caufes  of  their  colours,  xix.  1 . 2. 

to  render  double,  xix.  3.  1. 

double  ones  from  feeds,  xix.  1.  1. 

Fluor,  cubic  fpar,  x.  5.  3. 

.....  ufeful  in  agriculture,  x.  5.  4. 
Fiuxus-umbilicahs,  fap-flow,  iii..a., 2. 

difeafe  of,  xiv.  1.9. 

Fogs  injurious,  xv.  3.  6. 

. . , . dallied  againft  trees,  xv.  3.  6. 

Food  of  plants  nr  manures,  x. 

. . . . of  young  vegetables,  x.  1.3. 

. . . . of  adult  vegetables,  x.  1.4. 

Fowls,  how  fattened,  xiv.  2 8. 
Free-mafons,  xviii.  2.  5. 

Froft  ripens  corn,  x.  3.  9. 

. . . . black  or  rimy,  xiii.  2.  2. 

. . . . deftroys  by  expanding  fluids,  xiii.  2.  2. 
. . . . by  leparating  fluids,  xiii.  2.  2.  xv. 
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. ....  by  decreafing  irritability,  xiii.  2.  2. 

and  2.  3.  xiv.  2.  2.  • 

. . . . flops  the  fap  juice,  xiii.  2.  3. 

. . . . deftroys  the  old  and  infirm,  xiii.  2.  2. 
. . . . and  the  children  of  the  poor,  xiii. 
2.  2. 

. . . . how  to  be  faved  in  fnow,  xiii.  2.  2. 

„ . . . itseffedt  on  folutions,  xv.  4.  1.  xiii.  2. 

2.  X.  7.  I. 

„ . . . how  it  deftroys  life,  xv.  4.  1.  xiii. 
2.  3. 

. . . . raifes  roots  out  of  the  ground,  xviii. 
1.  1. 

. . . . raifes  the  fmall  pebbles  of  gravel  walks, 
xviii.  1.  1. 

....  makes  clay  more  folid,  xv.  4.  1.  x. 
7-  i- 

, . . . prevented  frorn  injuring  meadows,  xi. 

3-  • 


Fruit  wounded,  ripens  fooner,  x.  8.  1.  xv. 
3.  7.  xiv.  2.  9, 

....  to  preferve  in  ice-lioufes>  xvii.  2.  4. 
xvi  7.  3. 

....  to  raife  good  from  feed,  xv.  1.  1. 

....  to  preferve  by  heat,  xv.  4.  1. 

....  when  ripe,  to  difcover.  Add.  note  x. 
....  deftroyed  by  hafty  thawing,  why  ? 

xvi.  7.  3. 

Fungi,  xvii.  2-  3. 

grow  without  light,  xiii.  I.  4.  xv.  3. 

3.  xix.  6.  1, 

....  are  of  animal  origin,  xvii.  a.  3. 

....  are  animals' without  locomotion,  xvii. 
2.  5.  xiii,  1.4. 

....  are  nutritious,  xix.  6.  I. 

Furrows  and  ridges,  xvi.  2.  2. 

G. 

Gangrena,  canker,  xiv.  1.  6. 

Garden,  belt  fituation  of,  xiii.  2.  2.  xv. 
3-6- 

Garden- walls  with  flues,  xv.  3.  5. 
Garden-mould,  x.  4.  3. 

Generation,  vegetable,  vii.  3. 

lateral,  vii.  I.  1.  vii.  3.  9.  . 

fexual,  vii.  2.  1.  vii.  3.  10. 

Glands  ©f  vegetables,  vi. 

Glafs,  x.  7.  2. 

fine  fand  for,  xi.  1.3. 

Gluten  of  wheat  nutritious,  xix.  6.  t. 

deftroyed  by  fermentation,  xvi.  7.1. 

Goofeberry-trees,  to  protect,  xiv.  3.  3. 

to  fuckle,  xv.  3.  5. 

Gout,  xix.  1.  1. 

Granaries,  xvi.  7.  i. 

Grain,  prefervation  of,  xvi.  7. 

Grafts  and  flocks  fecrete  from  the  fame 
. blood,  xv.  1.  4. 

Grafles  forwarded  by  flooding,  xi.  3. 

preferved  from  froft  by  flooding, 

xi.  3. 

......  when  beft  for  hay,  xi.  3.  1. 

... . . ...  fterns  and  roots  of,  ix.  t.  .6.  ix.  3.  1. 

have  no  nedlary,  ix.  1.  6 

fix  kinds  for  meadows,  xviii.  j.  1. 

three  kinds  for  paftures,  xviii.  1.  1. 

feeds  of,  xvi.  2.  3'.  xviii.  1.  1. 

Growth 
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Growth  of  turnips  does  not  impoverish  land, 
xii.  3. 

of  trees,  its  boundary,  xviii.  2.  14. 

Gum,  effufion  of,  to  prevent,  xiv.  I,  10. 
Gypfum,  x.  5.  3.  x.  5.  4. 

.......  with  magnefia,  x.  6.  8. 

.......  how  to  be  ufed,  Add.  note  iv. 


H. 

Habits  of  plants,  xiv.  1.  1.  xix.  2.  I. 

Hair- powder,  vi.  3. 

Happinefs  of  organized  nature,  xix.  7.  1. 
Harrogate  water  as  a manure,  x.  4.  7. 
Harrow  to  extradt  roots,  xviii.  1.  1. 
Harrowing  wheat  in  Spring,  xii.  7. 
Hawthorn-hedge  from  fcions,  i.  1.  xv.  1.3. 
Hay  Should  be  cut  young,  xt.  3.  2.  xviii. 

1.  1. 

. . . lofes  two  thirds  of  its  weight,  xviii.  I.  1. 

. . . injured  by  worms,  xviii.  1.  1. 

. . . making,  xviii.  1.  1. 

Heart-wood  is  lifelefs,  ix.  2.  10. 

.....  Small  force  of,  v.  3. 

Heat,  ufe  of  in  vegetation,  ix.  1.3.  xiii.  2. 
3.  xiv.  2.  2. 

....  internal  of  vegetables,  xiii.  2.  3. 

....  from  dunghills,  x.  2.  1. 

....  combined,  xiii.  2.  x. 

....  variations  of,  wholefome,  xiv.  1.  1. 
....  above  212  preferves  fleSh,  xvii.  2.  4. 
Hedgehogs  ufeful  in  gardens,  xiv.  3.  6. 
Helianthus  tuberofus,  xvi.  3.  4. 

Hepar  of  carbon  with  lime,  x.  4.  7. 
Hereditary  difeafes  of  plants,  xix.  1.  1,  xix. 

2.  i. 

Hills  ploughed  horizontally,  x.  11.  1.  x. 
3-  7: 

Hoeing  after  the  com  has  bloffomed,  xv. 
2.  3-  r 

horfe-hoemg,  ix.  3.  7.  xii.  5. 

hand-hoeing,  xii.  5.  xvi.  2.  2. 

Homey,  vi.  6. 

differs  from  Sugar,  v.  6.  -4. 

food  of  anthers  and  Stigmas,  vii.  2. 4. 

dew,  iii.  2.  8.  xiv.  1.  7.  xiv.  3.  2. 

Hops,  bogbean  inftead  of,  xviii.  1.  5. 
Hotbeds  turned  over  heat  again,  x.  8.  2. 
Hydrocarbonate  gas,  x.  8.  3. 


L 5 ic  J. 

Inclofures  if  politically  good  ? xvi.  9. 1. 
Indigo,  xviii.  1.  5. 

Individuality  of  leaf-buds,  i.  1. 

of  flower-buds,  i.  4. 

Ingrafting,  iii.  2.  7.  xv.  1.  4. 

why  in  fpring,  iii.  2.  7. 

on  roots,  ix.  3.  5. 

Striped  plants,  v.  1.  xix.  2.  2; 

of  different  genera  of  plants,  xv. 

1.  4. 

Inoculation,  i.  3.  ix.  2.  10. 

why  in  fummer?  iii.  2.  7« 

on  roots,  ix.  3.  5. 

not  by  flower-buds,  i.  4. 

with  mature  buds,,  xv.  1.  2. 

xv.  1.  4. 

Infedts  propagated  for  manure,  x.  10.  3. 

depredations  of,  xiv.  3. 

generation  of,  ix.  3.  1. 

.....  to deitroy,  xiv.  3.  3. 

Joints  of  graffes,  ix.  3.  I.  xvii.  3.  3. 
Jonquil,  xix.  3.  2. 

Irritability,  vegetable,  viii.  2. 

difeafes  of,  xiv.  1.  1. 


L. 

Land  to  eftimate.  See  Soil. 

Lateral  progeny,  vii.  1.  1. 

refembles  the  parent,  vii.  I.  3. 

degenerates,  vii.  1.  3. 

Lead  corroded  by  oak-boards,  xviii.  2.  5- 
Leaf-buds  converted  into  flower-buds,  ix. 
2.  11. 

Leaves  are  lungs, 

......  destroyed  to  produce  flowers,  ix. 

2.  11. 

withered  ones  firit  eaten,  xiv.  3.  2. 

.....  enrich  foil  by  carbonic  acid,  x.  7 7, 

turn  red  in  autumn,  xv.  1.  4. 

Lemon-trees  ingrafted,  xv.  1.  1. 

Lichen  rangiferinus,  xiii.  2.  2. 

Light,  ufe  of  in  vegetation,  xiii.  r. 

.....  excefs  of  injurious,  xiv.  2.  4. 

from  rotten  wood,  x.  2.  1. 

from  refpiration,  x.  2.  7. 

defedtof,  injurious,  xiv.  2.  4. 

4 K Lightning 
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Lightning  injures  wheat-  fields,  xiv.  2.  3. 
deftroys  by  excels  of  ftimulus,  xiv. 


by  burfting  vegetable  velFels,  xiv. 


6.  3. 


....  how  to  prevent,  xiv.  2.  3 
Lime,  ufes  of,  x.  6.  Add.  note  xi. 

promotes  putrefadtion,  x.  6.  5. 

promotes  the  ripening  of  grain, 

xvi.  3. 

. diflolves  carborr,  x.  4.  7. 

. contains  phofphorus,  x.  5.  3.  x 
. ufe  of  burning  it,  x.  4.  8. 

. emits  heat,  x.  4.  4. 

. flaked  with  boiling  water, 

. broken  into  powder  by  fleam,  x.  4.  4 
. on  new  walls  is  long  moift,  why  ? x, 

5.  x.  6.  5. 

. nourifhes  plants,  x.  4.  6. 

. approaches  to  fluidity,  x.  4.  8.  x 

6. 


x.  4.  4. 


of  Breedon  is  half  magnefia,  x.  6.  8. 

Add.  note  xi. 

decreafes  the  cohefion  of  clay,  x.  7.  7. 

Livers  of  geefe,  xiv.  2.  8. 

Loamy  foil,  x.  4.  3. 

Lop  nut  trees  early  in  fummer,  ix.  2.  9. 
Lolium  perenne,  xviii.  1.  1. 

Lycoperdon,  puff-ball,  xix.  6.  1. 

Luxury  in  fleflh-food  and  ale,  xvi.  9 1. 


M. 

Machines  for  raiflng  water,  xi.  3.  6. 

by  Hiero’s  fountain,  >i.  3.  6. 

........  by  new  horizontal  windmill,  xi. 

3.  6. 

Aladder  for  colouring  cheefe,  xvii.  2.  2. 
Alagnefia  with  gypfum,  x.  6.  8. 

Malt,  its  goodnefs  difcovered,  how  ? xvi. 

6.  1. 

Manganefe  as  a manure,  x.  7.  2. 

Manures,  fpontaneous,  x.  8.  1. 

chemical,  x.  9,  1. 

by  infedts,  x.  10.  1. 

application  of,  x.  12.  I. 

. when  to  be  applied,  x.  12.  2. 

economy  of  its  application,  x. 

12.  2. 

0 , which  moft  nutritive,  x.  12.  4. 


Marie,  production  of,  x.  4.  3. 

......  fhell,  x.  5.  5. 

crumbles  in  the  air,  why  ? x.  7.  3. 

Adarine  acid,  x.  7.  r. 

plants  projedf  a liquid,  vii.  2.  2. 

Adafonry,  whence  the  myfleries  of,  xviik 
2.5. 

Adeadows,  flooding  of,  xi.  3. 

eat  late  in  lpring,  xviii.  x.  1. 

Adenyanthes  ufed  for  hops,  xviii.  1.  5.  xi. 
2.  5. 

Adice-field,  xiv.  4.  1. 

Michel’s  method  of  railing  vines,  xv.  1.  3.. 
Adildew,  to  prevent,  xiv.  x.  2. 

Mifery  is  not  immortal,  xix.  7.  i». 

Mifts  injurious,  xv.  3.  6. 

....  dallied  againft  trees,  xv.  3.  6. 

Moifture,  ufe  of  in  vegetation,  ix.  I.  3, 
........  excels  of,  xiv.  2.  r. 

Adoles,  to  deftroy,  xiv.  4.  3. 

Mole-plough,  xi.  I.  7.  Add.  notexii. 
Monfters,  vegetable,  ix.  2.  11.  xv.  1.  4. 

vegetable  and  animal,  vii.  a.  8, 

xix.  1 . 1 . 

Adonuments  of  part  felicity,  xix.  7.  3. 
..........  of  paft  animal  life,  xviii.  2.  14. 

of  paft  vegetable  life,  xviii. 

2.  14. 

Morafles,  x.  4.  3. 

Morels  approach  to  animals,  xvii.  2.  3. 

converted  into  fat,  xvii.  2.  5. 

Mofs-rofe,  its  armour,  xiv.  3.  2. 

Mould,  xiv,  1.  2.  See  Mucor. 

Mucilage,  vi.  1. 

Aducor,  or  mould,  grows  without  light,  xiv. 
1.  XV.  3.  3. 

poifoned  by  vinous  fpirit,.  xv.  4.  3. 

xvii.  2.  4. 

Adulberry  leaves,  xviii.  1.2 
........  fruit  by  ingrafting,  xv.  I.  r. 

Mule-beans,  vii.  2..  6. 

....  .cabbage,  vii.  2.  6. 

peas,  xvi.  4.  1. 

triple  vegetable,  vii.  3.  3. 

Mules,  animal,  vii,  2.  7. 

vegetable,  vii.  2.  6* 

Mufcles  of  vegetables,  viii.  r. 

Muftirooms,  of  animal  origin,  xvii.  2.  5. 
..........  approach  to  animal  nature,  xix.  • 

6.  1. 


Adulhroomi 


INDEX. 


Mufhrooms  condu£t  Galvanifm,  xvii.  2.  5. 
ftone,  xvii.  2-  5. 

N. 

Nerves  of  vegetables,  viii.  r. 

Nevil-Holt  water,  x.  7.  8. 

Nitre,  produdbion  of,  x.  7.  4. 

Nutritious  parts  of  Vegetables,  xix.  6.  1. 
Nut-tree  twigs  their  armour,  xiv.  3.  2. 
Nymphaea  alba,  ix.  2.  5.  xvii.  2.  3. 

nelumbo  eaten  in  China,  xi.  2. 5. 

o. 

Oaks  and  willows  why  barked  in  fpring,  iii. 
5.  xvii.  3.  2. 

. . . . fliould  be  felled  in  winter,  iii.  5.  ix.  %, 
8.  xviii.  2.  11. 

....  barked  produce  more  flower-buds,  ix. 
2.  8.  xv.  2.  3. 

. . . . planted  with  pines,  xviii.  2.  2, 

. . . . 600  years  old,  xviii.  2.  16. 

Oats  lefs  profitable  provender  than  beans, 
xvfi  6,  2. 

. . . . improve  by  keeping,  xvi.  6.  4. 

Ochre  red,  as  a manure,  x.  7.  1. 

Oils  eflfential,  agreeable  or  poifonous,  vi. 
8.3. 

....  fixed  in  a boiling  heat,  xvii.  2 5. 

. . . . ufed  to  poifon  weapons  and  pools  of 
water,  vi.  8.  3. 

. . . . expreflfed,  not  narcotic,  vi.  4.  2. 

Old  corn  preferable  to  new,  xvi.  6 4, 
Onions,  roots  of,  ix.  3.  2. 

magical,  ix.  3.  4. 

Orange  bears  by  ingrafting,  xv.  I.  1. 

Orchis  for  falep,  xvi.  3.  4.  xvii.  1.  5. 

. ...  how  to  ripen  the  feeds,  ix.  3.2.  xi. 
2-  4- 

Organs  of  reproduction,  vii. 

......  lateral  in  buds,  vii.  1. 

. . ...  fexual  in  flowers,  vii.  2. 

Owls  fhould  be  encouraged,  xiv.  4.  1. 
Oxydesof  metals,  x.  2.  3.  x.  7.  1. 

Oxygen,  x.  2.  x.  7.  2. 

abounds  in  rain  water  and  in  fnow, 

xiii.  2.  2. 


Oxygen  in  vegetable  fluids,  whence  ? x, 
4.  8. 

from  decompofed  carbonic  acid,  x. 

4.  8.  xiii.  1.  2. 

from  decompofed  water,  x,  3.  3, 

xiii.  1.  2. 

loofely  combined  in  nitre,  x.  8.  4. 

.......  promotes  vegetation,  x.  2.  8. 

abounds  by  etiolation,  xix.  1. 

.......  deftroys  plants  by  excefs,  xiv.  2.  7. 

as  a caufe  of  irritability,  xiv.  1.  1. 

Oxygenated  muriatic  acid,  x.  2.  8.  xiv.  2.5. 

perfpirable  matter,  xiii.  1.  2, 

xiii.  T.  4. 

P. 

Papin’s  digefter,  x.  9.  3, 

Papyrus,  xvii.  37. 

Paring  and  burning,  x.  7.  4. 

Pafturage  compared  to  agriculture,  xvi.  9.  1, 
Paufe  in  vegetation  at  Midfumnter,  iii,  2.  8, 
ix.  2.  9. 

Pear-tree  in  part  decorticated,  ix.  2.  io.  xv.' 
2.  3. 

comprefled  by  wire,  xv.  3.  4. 

bears  at  the  extremities,  why  ? ix. 

2.  7. 

ripens  by  baking,  x.  8.  r. 

Peas  grow  in  water,  xi.  3.  4. 

....  rows  of  from  fouth-eaft  to  north-weft, 
xiii.  2.  2. 

....  contain  more  meal  than  oats,  xvi.  6.  2. 
....  boil  foft,  xvi.  4.  2. 

....  mule,  vii.  2.  6.  xvi.  4.  1. 

....  their  pods  nutritious,  xi,  3.  2. 

....  economical  provender,  xvi.  6.  2. 
Pene-trability  of  foils,  x.  3.  6- 
Perfpiration  vegetable  oxygenated,  xiii.  1.  4. 
Petals  are  refpiratory  organs,  iv.  5.  1.  vii. 

„ 2-  3- 

Phofphorus  in  rotten  wood,  x.  3.  1. 

in  all  vegetables,  x.  3.  3. 

.........  hepar  of,  x.  6.  3. 

gives  folidity  to  timber,  x.  5 .6. 

Phofphate  of  lime,  x.  5.  5.  x.  7.  6. 

. . . . . „ in  the  gluten  of  wheat.  Additional 

note  vi. 

Pignut,  bunium,  xvii.  1.  3, 

4 K 2 Pine- 
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P!ne-apple  cultivated  in  water,  xv,  3,  4. 
Piping  buds,  ix,  2.  1. 

Pith  like  brain  or  fpinal  marrow,  i.  8.  ix.  2. 
4.  xviii.  2r  13. 

Placental  veffels  of  buds,  ii.  4.  iii.  2,  6. 

. of  feeds,  iii.  1.  3. 

- of  eggs,  iii.  1.  4. 

Plants  live  longer  if  prevented  from  flower- 
ing, vii.  1.  3. 

Plant  trees  fhallow  in  the  foil,  xv.  2.  4. 
Plough  for  draining,  xi.  1.  7. 

......  drill,  xii.  5. 

......  mole,  xi.  1.7.  Add.  note  xii. 

Ploughing  if  in  ridge  and  furrow,  x.  3.  8. 

wheat  in  fpring,  xii.  f. 

Plume  of  feed  afcends,  why  ? ix.  1.  3. 
Poems.  See  Verfes. 

Points  liberate  air  from  water,  xiii.  1.  5. 
Poifon  of  yew  leaves,  xiv.  3.  2. 

of  euphorbium,  vi.  8.  3. 

.. . . . to  vegetables,  xiv.  2.  7. 

Poifonous  exhalations,  xiv.  2.  6. 

Polypus,  ix.  3.  1. 

Potatoes,  early  ones,  xvii.  1.  3. 

curled  ones,  ix.  3.  4.  xvii.  t.  2. 

aerial  ones,  xvii.  1 2. 

► increafed  by  tranfplanting,  ix.  3.  7. 

.......  increafed  by  pinching  off  the  flow- 
ers, ix.  3.  3.  xvii.  1.  2. 

better  fet  in  drills,- xvi.  2.  2. 

.......  to  ripen  the  feed,  xvi.  3.  4. 

how  to  improve,  xvi.  5.  1. 

.......  to  boil  in  fleam,  x.  9.  2. 

to  boil  mealy,  xvi.  4.  2. 

.......  killed  by  drying  on  a kiln,  x.  9. 2. 

xvii.  2.  4. 

bread  of,  vi,  3. 

may  be  planted  whole,  xvii.  1.  %. 

Pottery,  Breedon-Iime  for,  x.  6.  8. 
Prel'ervation  of  fruits,  xv.  4.  1. 

.........  of  feeds,  xvi.  Jr.  1. 

of  roots  by  cold  and  by  heat> 

xvii.  2.  4. 

Progrefs  of  nature  to  perfe&ion,.  xx.  2.  xiv. 
3.  2. 

Propagation  of  good  trees,  ix.  3.  7, 

Props  for  tranfplanted  trees,  xviii.  2.  XI. 
Puberty  of  plants,  ix.  3.  1-.  xv.  1.  j. 
Pulmonary  organs,  iv. 

Putrefa&ion,  x.  8.3. 

Putrid  exhalations,  x.  4.3  x.  .7, . 8; 

4- 


R. 

Raddle  as  a manure,  x.  7.  r. 

Radifhes  to  procure  early,  xvii.  t.  X. 

Rafts  of  hollow  timber,  xviii.  2,  10. 

Rain  contains  oxygen,  xiii  2.  2. 

. . . . injures  the  anther-duft,  x.  3.  9. 

Rats  to  deftroy,  xiv.  4.  2. 

....  are  liable  to  the  tape-worm,  xiv.  4.  2, 
Red  leaves  in  autumn,  xv.  1.  4. 

Rein-deer  mofs,  xiii.  2.  2. 

Refm  elaftic  from  bark  of  holly,  xvii.  3.  3. 

of  wheat-flour,  vi  8.  5 xvii.  3.  3. 

Refpiration  of  animals,  x.  2.  7. 

of  plants  requires  light,  xiii.  1.4 

of  plants  not  in  their  fleep,  iv.  5. 

5.  xiii.  I.  4. 

........  of  glow-worms  is  luminous, x. 2. 7. 

Rheum  hybridum,  mule  rhubarb.  Additional 
notes  i.  and  ii. 

Rhubarb  roots  when  to  be  taken  up,  xvii, 
2.  1. 

leaves  deftroy  ed  by  mud.  Additional 

note  i. 

Rice  in  Valencia,  xi.  3.  4. 

....  grounds,  x.  3.  9. 

Riciges  and  furrows,  x.  3.  7.  xvi.  2.  2s 
,. . . . advantages  of,  xvi.  2.  2. 

Rime  perpendicular  or  lateral,  xv.  3.  6. 

frofts  and  black  frofts,  xiii.  2.  2. 

Rings  of  timber  concentric,  xviii.  2.  12. 
Ripening  of  fruit  by  wounding  it,,  xiv.  2.  9* 
x.  8.  1.  xv.  3.  7. 

.......  to  difcover.  Additional  note  x. 

Roll  wheat  in  fpring,  xii.  8. 

Roots defcend,  why?  ix.  1.  3.  xv.  2.4. 
.....  at  Mfdfummer,  ix.  2.  9. 

decay  internally,  ix.  3.  5. 

end-bitten,  ix.  3.  5. 

fhould  be  plucked  up  for  t ran fpl ant- 
ing, xv.  2.  4. 

from  wounds  of  the  bark,  ix.  3.  7. 

etiolation  of,  xvii.  2,  1. 

Root-grafting,  ix.  3.  5. 

....  inoculation,  ix.  3.  5. 

....  propagation,  ix.  3.  5. 

....  fcions  for  planting,  xv,  I.  2, 

Rofe  plaintain,  ix.  2.  11. 

Rofes  to  forward,  xvi.  2.  5. 

.....  double  ones,  xix.  2.  1. 

Rot  of  timber,  iii.  2.  3,  ix,  2.  8.  xviii. 


I N D E X. 


Rot  oHheep,  xiv,  2.  8.  Additional  notev. 
Rubia  tin&oria  to  colour  cheefe,  xvi'u  2.  2. 
Rubigo,  rufl,  a difeafe,  xiv.  i.  3, 

Rye-grafs,  xvi.  6.  1.  xviii.  1.  X. 

S. 

Saccharine  procefs  in  malt,  x.  8.  I. 

may  exift  beneath  the  foil,  X. 

8.  1. 

. . in  baked  pears,  x.  8.  1. 

how  haftened  in  fruit,  xiv,  2.  9. 

Sage-leaves  for  tea,  xviii.  1.  4. 

Sagoe  from  the  palm,  xviii.  2.  13. 

.....  from  artichoke  ftalks,  xix.  4.  I. 

Salep,  orchis,  xvi.  3.  4.  xvii.  1.  5, 

Salt  marine  as  a manure,  x.  7.  5. 

.... . as  a condiment,  xiv.  2.  8. 

Sand  fine  white  near  Derby,  xi.  I.  3, 
Sap-flow,  adileafeof,  xiv.  1.  9, 

... . juice,  great  force  of,  v.  3. 

„ , . flows  in  fpring,  iii  2.  2-  ix.  2.  8. 

...  at  Midfummer,  iii.  2.  8. 

» . . from  herbaceous  plants.  Add.  note  x. 

„ . . component  parts  of,  x.  1.  1. 

Scarcity,  food  in  times  of,  x.  9.  4, 

Scarifier,  xviii.  I.  I. 

Scions  from  roots,  xv-.  1.  2. 

.....  for  grafting,  xv.  1.  4; 

for  planting,  xv.  1.  3. 

Sea-cale,  how  to  cultivate,  xiv.  2.  4. 
Secretions  of  vegetables,  vi. 

0 ...... . of  the  graft  and  flock,  different, 

xv.  1 4. 

....... ....  of  gum,  a difeafe  of,  xiv.  1.  10. 

Secret  concerning  fruit-trees,  ix.  3.  %. 

Seeds  before,  impregnation,  vii.  2.  1.  vii. 


^ S': 

, , . growth  of,  ix.  1. 

. . . plume  grows  upwards,  why?  ix.  3.  3. 
. . . root  downwards,  why  ? ix.  1.  3. 

. . . production  of,  xvi. 

. . . fteeped  in  dunghill-water,  xvi.  8,  3. 

. . . of  hay  fpoiled  by  fermentation,  x. 
11.  7. 

. . . of  wheat  fpoiled  by  fermentation,  xv. 
7-  i- 

. . . of  wheat,  how  to  preferve,  xvi.  7.  1. 

. . . of  wheat,  how  improved,  xvi.  5.  1. 

. . . of  potatoes  and  orchis  to  ripen,  xvi, 

3-  4* 


Seeds  difperfion  of,  vii . 2.  3. 

, . . . change  of  not  neceffary,  xv.  5.  1, 

. , . . when  ripe  to  difcover.  Add.  note  x» 

. . , . how  to  preferve,  xvi.  7.  6. 

. . . . lhould  be  fown  foon  after  ploughing, 
x.  7.  5. 

. . . , require  oxygen,  xiii.  1.  5. 

Seedling  trees,  xv.  1.  1. 

Senfes  of  vegetables,  viii.  6. 

Senfibility  of  vegetables,  viii.  3, 

Sexual  generation,  vii.  1.  7. 

......  progeny,  vii.  2. 

.......  of  infects,  ix.  3.  1. 

Sheep,  flewk  worm  of,  xiv.  2.  8. 

Showers  injurious,  x.  IT.  I. 

Shepherd  kings,  xvi.  9.  1. 

Shrubberies  of  mulberries,  xviii.  I.  2, 
Silkworms  fed  with  afh-leaves,  xviii.  r.  2, 
Situation  for  a garden,  xv.  3.5.  xiii.  2.  2, 
Slaughter-houfe  of  nature,  xix.  6.  5. 

Sleep  of  plants,  iv.  5.  5. 

Slugs,  xiv.  3.  5. 

Smoke  and  fleam  of  poifonous  plants,  xiv. 
3.  2. 

Smut  of  wheat,  vii.  2.  2.  xiv.  1.  5.  xvi.. 

8.  2. 

Smyrna  wheat,  xvi.  2.2. 

Snails  and  Slugs,  xiv.  3.  5. 

Snow  contains  oxygen,  xiii.  2.  2. 

Soap-ftone  fteatites,  x.  6.  8. 

Soils  to  analize.  Add.  note  ix. 

....  by  burning  them.  Add.  note  ix. 

....  by  their  fpecific  gravity.  Add.  note  Ix. 
....  by  their  native  plants*  Add.  note  ix. 
....  cracks  in  them,  to  prevent,  xvi.  2.  2. 
Soup  lefs  nutritive  than,  the  folid  meat,  x, 

9.  4, 

Sour  grafs,  how  to  deftroy,  xviii.  1. 1. 

Sow  thick  for  herbage,  xviii.  1.  1. 

....  early  on  wet  foils,  x.  3.  6.  xvi.  8.  i<> 
....  foon  after  the  plough,  x.  6.  5. 

....  wet,  xvi.  8.  4^ 

Spirituous  liquors,  xvi.  9.  1.  Add,  note  xi. 

from  roots,  xvii.  1.  1. 

from  barks,  xvii.  3.  3. 

from  leaves,  xviii.  1.  6. . 

Springs,  origin  of,  xi.  1.  2. 

wall-fprings  and  pipe-fprings,  xi. 

i-  3- 

,,,<)•  how  to  difcoyer,  xn  1.  12. 

Spur 


INDEX. 


Spur  of  rye,  ergot,  xiv.  I.  4. 

Stacks  of  hay,  ».  11.  7.  xviii.  1.  1. 

of  grain,  to  preferve,  xvi.  7.  1. 

Starch,  vi.  3.  xvi.  3.  ix.  1.  4. 

Steam,  ufeof  in  cookery,  xix.  4.  1. 

etiolates  fome  vegetables,  xix.  4.  1. 

Steatites  foap-ftone,  x.  6.  8. 

Stigma  bends  to  the  anther,  vii.  2.  2. 

Straw  chopped  with  green  food,  xviii.  1.  r. 
Strawberries,  xv.  2.  4. 

barren,  ix.  3.  4.  xv.  1.  4. 

Suffufio  mellita,  honey-dew,  xiv.  1.7. 
Sugar,  vi.  5.  x.  8.  1.  xix.  6.  2. 

fugar  from  fap-juice  of  herbs.  Addi- 
tional note  xh 

may  injure  the  teeth,  vi.  5.  2. 

exifts  in  malt.  Add.  note  x. 

feparated  from  mucilage,  vi.  5.  3.  x. 

8.  2. 


Tran  fplan  tat  ion  of  trees  at  Midfummer,  ix. 
2:  9. 

of  fruit  trees,  xv.  2.  4.- xviii. 

2.  x 1. 

of  timber  trees,  xviii.  2.  l i. 

not  too  deep,  why  ? xv. 

2.  4. 

of  turnips,  ix.  3.  5.  xii.  6. 

of  ferocoli,  xv.  2.  4.  xix. 

4.  2. 

of  ftrawberries,  xv.  2.  4. 

Trees  crooked,  how  to  rtraighten,  xviii. 
2.  1. 

fmeared  with  pitch  die,  iii.  2.  6. 

do  not  bleed  in  fummer,  iii.  2.  5. 

triple  by  ingraftment,  vii.  3.  1. 

their  fize  bounded,  xviii.  2.  14. 

to  make  tall  and  ftraight,  xviii. 

2.  2. 


from  beats  and  carrots,  xvii.  1.  1. 

converted  intoftarch,  v.  5.  5. 

. . . . . preferves  feeds,  xvi.  7.6. 

. ..  . . . nutritious,  xix.  6.  1. 

Sweat  miliary,  xiv.  I.  8. 

Swine-troughs  moveable,  x.  1 1.  6. 
Swilcar  oak,  xviii.  2.  l6. 


T. 

Tennant  on  limes.  Add.  note  xi. 

Tanning,  xvii.  3.  5. 

Tape-worm  in  water-rats.  Add.  noteviii. 
Tar- water  deftroys  fome  infedls,  xiv.  3.  5. 
Tea  recommended,  xviii.  1.  4. 

Tellure  or  tiller,  xvi.  2.  2.  xvi.  2.  3. 
xii.  7, 

Teucrium  fcorodonia,  wood-fage,  xviii. 

1.  S- 

Thirties,  to  deftroy,  xiv.  1.  9.  Additional 
note  xi. 

Thunder  (bowers,  xiii.  3.  3. 

Tiller,  or  tellure,  xii.  7.  xvi.  2.  2. 

Timber,  concentric  rings  of,,  xviii.  2.  12. 

rot  of,  to  prevent,  xviii.  2.  5. 

how  decompofed,  xviii.  2.  14. 

political  to  cultivate,  xviii.  2.  15. 

durability  of,  xviii.  2.  7. 

. See  Trees. 

Tranfplantation  of  wheat,  ix.  3.  7.  xii.  6. 


to  make  them  crooked,  xviii.  2.  2. 

when  to  fell,  iii.  2.  3.  ix.  2.  8.  xviii. 

2.  12. 

tranfplanted  when  large,  how,  xviii. 

2.  XI. 

.....  tranfplanted,  how  to  prop,  xviii. 
2.  11. 

Trefoil,  xviii.  1.  1. 

Trifolium  pratenfe  & repens,  xviii.  1.  1. 
Truffle,  lycoperdon  tuber,  xvii.  2.  5. 

Tulip,  xv.  1.  1. 

. v . . . feed  is  five  years  before  it  flowers,  ix. 


I.5.  IX.  g.!. 

lefs  when  coloured,  xix.  1.2. 

Tull’s  hufbandry,  9.  3.  7.  xvi.  2.  2. 

advantages  of,  xii.  5. 

Turnips  fowed  deep  in  drills,  xiv.  3.  5. 
do  not  impoverilli  the  foil,  why, 


xu.  3. 

....  tranfplanted,  ix.  3.  5.  xii.  6. 

....  affefted  by  the  fly,  xiv.  3.  5. 
Turpentines,  vi.  8. 

Tuffocks  of  grafs,  how  to  deftroy,  x.  6.  7. 
xviii.  1.  1. 


of  wheat,  xii.  6.  xiv.  4.  1. 

. . . ... . . of  trees,  xviii.  2.  2. 

T/witch-grafs,  xviii.  I.  1. 


U.  Umbilical 


INDEX. 


U. 

Umbilical  veflcls  of  vegetables,  iii. 
........  in  feeds,  iii.  X.  3. 

in  eggs,  iii.  I.  3. 

of  buds,  iii.  2 2. 

of  the  alburnum,  lx.  2.  9. 

live  after  the  arterial  ones,  ix. 

2.  10. 

Uredo  frumenti,  xiv.  1.  3. 

Uftilago,  fmut,  xiv.  x.  5. 


y. 


Variegation  by  ingrafting,  v.  r.  xv.  1.  4. 
xix.  2.  2. 

Vegetables  differ  from  animals,  i.  5. 

. ..  refemble  animals,  i.  6. 

how  to  boil  them  green,  xix. 

4-  n 

Vegetation,  paufeof  at  Midfummer,  in.  2.  8. 
ix.  2.  9. 

Verfes  on  ingrafting,  xv.  1.  5. 

.....  on  producing  flower-buds,  xv.  2.  6. 

.....  on  cultivation  of  brocoli,  xix.  8. 

......  on  pruning  wall  trees,  xv.  5. 

.....  on  pruning  melons,  xv.  5. 

. ....  on  Swilcar  oak*  xviii.  2.  16. 

Vigorous  and  weak  trees,  x.  2.  1. 

Vines,  art  of  railing,  xv.  1,  3. 

.....  management  of,  xv.  2.  5, 

.....  to  ripen  the  grapes,  xiv.  3.  3. 

.....  leaves  to  colour  wine,  xviii.  1.  5.. 

Vitrification,  x.  7.  2. 

Volition,,  vegetable,  viii.  4. 


W. 

Wall-trees  horizontal,  xv.  2.  r. 
Walls  long  in  drying,  why,  x.  4.  4.- 
Wainut  bears  by  ingrafting,  xv..  1.  1. 
Wafps,  to  poifon,  vi.  6.  3. 

Water,  ufes  of  in  agriculture,  x.  3. 
......  folidified,  xviii.  I.  I.  x. 4 4. 

......  is  an  acid,  x.  2.6. 


Water  is  decompofed  in  vegetables,  x 3.  3. 

of  fome  fprings  contains  limefione, 

x.  6.  2.  x.  3.  5. 

* of  rain  contains  oxygen , xiii.  2,2. 

poifoned  by  euphorbia,  vi.  8.4. 

Watering  meadows,  xi.  3. 

plants,  xv.  3.  4.  xviii.  2.  l. 

not  in  funfhine,  why,,  xi,  3.  4. 

nor  in  frolf,  why,  xv.  3.  4. 

mull  be  repeated,  xi.  3.  4. 

not  fo  as  to  cover  them,  xi.  3.  3, 

Wax,  vi.  7. 

Weeds,  to  delfroy.  Add.  note  xi. 

Wet  feafons  injurious,  x.  3.  9. 

injure  wheat,  vi.  7.  1 . 

. . . . foils,  low  and  reap  early  in,  x.  3.  6. 
Wheat,  ix.  1.6.  ix.  3.  i.  xii.5. 

.......  with  branching  ears,  xvi.  2.  2. 

number  of  grains  from  one,  ix. 

3-7-  ... 

tranfplantcd,  xn  6.  xvi.  1.  2.  ix.  I. 

6.  ix.  3.  7.  xiv.  4.  1. 

......  rolled  in  fpring,  xii,  8.  xvi.  2.  2. 

xvi.  2.  5. 

harrowed  in  fpring,  xii.  7. 

confifts  of  feparate  plants,  ix.  3.  r. 

gluten  of,  vi.  8.  5.  xvi.  7.  1.  xvii. 

3,  3.  xix.. 

has  no  neffary,  ix.  r.  6. 

......  injured  by  wet  feafons,  vi.  7..  r.. 

fowed  but  one  inch  deep,  xiv. 

3.  6. 

how  to  difeover  its  goodnefs,  xvi.. 

6.  1. 


. . . . fovv  two  ki  nds  of,  xvi  .8.2. 

. . . . caudex  of  produces  other  ifems,  ix. 
1.  6. 

, , . . caudex  injured'  by  infects,  xiv. 

3-  6-  r 

. . . , dibbling  of,  xvi.  2.  2. 

. . . . eaten  down  by  fheep,  ix.  3.  7.  xvi. 


2 3- 

dried  on  a kiln,  xvi.  7.  1. 

hoarded  by  mice,  xiv.  4.  z. 

White  parts  of  flowers  from-  compreflionj 


xix.  3.  2. 

Willow-bark,  ix.  2.  10- 

Winds,  fouth-wefl  falubrious,  xv.  3.  6. 

north-eaft  injurious,  xv.  3.  6. 

Wines,. 


6 


INDEX.' 


Wines,  means  to  fine  them.  Add.  note  x, 
Woad,  xviii.  1.5. 

Wood,  to  increafe,  xviii.  2.  I. 

durability  of,  xviii.  2.  7.  xviii,  2. 14. 

. . . triturated  for  food,  x.  9.  4. 
Wood-fires  impoverifh  a country,  x.  11.  5. 
Wood-fage,  teucrium  fcorodonia,  xviii.  j, 5, 
Woods  fhould  be  planted  on  hills,  xviii,  2. 
15- 


Worm  of  fheep,  xiv.  2.  8.  Add.  note  v. 
Wounds  of  trees  bleed  in  fpring,  iii.  %.  2 
v-  3- 

imbibe  fluids  in  fummer,  v.  3. 

of  the  bark,  xvii.  3.  10. 

upper  lip  only  grows,  i.  3. 

of  fruit  by  infers,  xiv.  2.  9. 

by  caprification,  xiv.  2.  9. 


THE  END. 


ERRATA. 

Page  139,  line  laft  but  one,  read  diftinguHhes,  far  diftinguiih. 

izi,  line  14.,  for  from,  read  form. 

518,  line  laft  but  two,  for  (o,  read  no. 

— — — 

T . 

.V,  T DIRECTIONS  TO  THE  BINDER. 

Pleafe  to  put  Plate  I.  and  the  Explanation  of  it,  facing  each  othera 
at  the  end  of  Section  I.  between  pages  8 and  9. 

Plate  II.  at  the  end  of  Sett.  II.  between  p.  18  and  19. 

Plate  III.  at  the  end  of  Se£t.  TIT.  between  p.  38  and  39. 

Plate. IV.  at  the  end  of  Se£t.  IX.  between  p.  182  and  183. 

Plate  V.  VI.  VII.  at  the  end  of  Seft.  XI.  between  p.  282  and  283. 
Plate  VIII.  at  the  end  of  Se<£t.  XIII.  between  p.  314  and  31 5. 

Plate  IX.  at  the  end  of  Se£t.  XIV.  between  p.  372  and  373. 

Plate  X.  XI.  XII.  at  the  end. 
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